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LILIENTHAL, OTTO (1848-1896) 


The German aeronautical pioneer Otto 
Lilienthal made two fundamental con- 
ributions to the conquest of the air: 

ith materials that were suitably light 

d strong, he built a first flying ma- 

ine; and he experimented with the 

yst natural driving power—the force 
gravity. His machine was a primitive 

m of glider, which hovered in the air 

it, unlike a sailplane, descended too 

pidly for the rising air currents to lift 
ip again. For Lilienthal this rudimen- 

y aircraft sufficed to show that, with 

e and perseverance, man could solve 

problems of flight. 

Lilienthal’s passion for flying dated 

m his boyhood at Anklam, in Prussian 

merania; and risks, failures, or lack of 

cans could not discourage him. Otto 
ad his brother, Gustav, had lost their 
ther when they were still quite young, 

id their mother had been forced to give 
iano lessons to support them. She had 

ways given her sons the freedom to 

irsue their hobby and had often en- 
uraged them in their research and 
vosted their enthusiasm. 

The aerodynamic studies of Sir George 

yley (1773-1857) had contained the 

sic principles of flying, though they did 

t go so far as to indicate the exact 

ocess to be followed. During the sec- 

id half of the nineteenth century the 

bject of flying was still a controversial 

e. Some people thought that man would 

; someday but had not the slightest 
lea of how. Others maintained that 
human flight would never be possible. 
Moreover, there had been a new devel- 
pment: by means of hydrogen, man had 
managed to rise off the ground. With 
aerostatic balloons it was, in fact, pos- 
sible to reach heights of several thousand 
feet and to study the atmosphere and 
meteorological phenomena. 

By observing the flight of birds, the 
Lilienthal brothers made a number of 
fundamental discoveries. Their observa- 
tion that takeoff can be achieved more 
easily against the wind convinced them 
that it would be possible for man to fly 
if only he had wings at his disposal, and 
so they turned with great enthusiasm to 
the first experiment in aeronautical con- 
struction. They were still high-school stu- 
dents when they abandoned theory for 
the first practical attempts, which they 
undertook at night to avoid being jeered 
at by their schoolmates. The hot, wind- 
less summer nights, however, were not 
favorable for their machine; and in spite 
of their energetic efforts, the crude air- 
craft rose up only slightly and slowly. 
Circumstances soon forced them to leave 


the high school for studies of a more 
practical and profitable nature. Thus, 
Gustav enrolled in the royal school (the 
equivalent of a modern technical insti- 
tute), while Otto entered an industrial 
school. After graduating with high grades, 
Otto took a job in a machine factory, first 
as an ordinary worker and then in the 
planning and construction office. 

Times were hard; but with his first pay, 
Otto purchased a bundle of cane rods for 
a new machine: he had discovered that 
cane was more resistant and much lighter 
than wood. The wings, consisting of a 
cane framework covered with canvas, 
weighed much less than those used in 
the previous experiments; but they still 
did not provide enough impetus to keep 
the monoplane in the air. 

After earning a degree in engineering 
and taking part in the Franco-Prussian 
War, Otto returned to his aeronautical 
research. He reexamined the unsuccess- 
ful attempts, made a thorough study of 
the phenomena of air resistance in rela- 
tion to the wings and to gliding, and 
made the fundamental discovery that a 
slightly arched wing can give a stronger 
upward thrust than a flat one and at 
the same time offer less wind resistance. 
Gustav, who had recently returned from 
a stay in England, where he had been in 
touch with the English Aeronautical So- 
ciety, made some suggestions that proved 
useful in the construction of a machine 
to measure the direction and intensity of 
air resistance. In the autumn of 1874, on 
the basis of these studies and discoveries, 
a glider of theirs made a gliding flight 
upwind. It swayed in the fitful gusts, but 
its motion was steady even after the re- 
leasing of the ropes that had at first 
guided its course. An enormous step 
forward had been achieved, but this was 
only the beginning of a long, arduous 
road. 

Meanwhile, Otto had patented several 
of his inventions: ships’ sirens and steam 
engines that were as light as it is pos- 
sible for a steam engine to be. He hoped 
to be able to use them on his aircraft, 
but they proved to be too heavy. He had 
no difficulty, however, in finding buyers 
for them, since they were extremely use- 
ful for other purposes, particularly as 
they had not been superseded by piston 
engines. 

His improved financial circumstances 
allowed Otto to marry Agnes Fischer, 
the young daughter of a mining official 
whom he had met while on a journey in 
Saxony, and to leave the firm for which 
he had been working for ten years and 
start a small business of his own in 1881. 
This rapidly expanded, and soon he was 
able to devote himself more actively to 


LILIENTHAL 


his research. Meticulously he noted down 
everything that could be useful for the 
achievement of his aim, and every day 
brought him fresh knowledge. He built 
a house on the outskirts of Berlin, and 
there, in his workshop and on an artificial 
hill in the garden, he intensified his ex- 
periments. He had realized that direct 
personal experience was necessary for 
the verifying of his theoretical conclu- 
sions: “The invention of a thing,” he 
affirmed, “is nothing; its construction is 
little more; the testing of it is every- 
thing.” He hoped to be able to pass from 
the initial experimental phase of gliding 
to a second phase of flying with wings 
that flapped by means of an engine. 


Otto 
Lilienthal 


One of Otto Lilienthal’s flying machines con- 
sisted of two curved wings and a tail and was 
made of canvas and light cane. The pilot's 
arms were above the wings, and his legs below. 


LINDBERGH 


From 1891 to 1896 his experiments fol- 
lowed one another with increasing fre- 
quency and success: from a fixed, vertical 
type of tail he passed to a horizontal 
stabilizer tail and then to one with crossed 
fins, and from the monoplane he pro- 
gressed to the more complex biplane and 
finally to the first attempt with a machine 
with flapping wings and a small engine. 
Altogether he accomplished a total of 
more than 2,000 successful flights. 

He became a Sunday attraction for the 
Berliners, and his flights took place in 
the presence of large crowds. At one 
such seemingly normal flight, a storm 
was threatening, and suddenly, unex- 
pectedly, he was flung from a height of 
about fifty feet. He was picked up with 
a broken back, and on the following day 
he died. His last words, in keeping with 
his short but courageous life, were, “Sac- 
rifices are necessary.” 


LINDBERGH, CHARLES AUGUSTUS 
(1902- ) 


The U.S. aviator Charles A. Lindbergh 
made aviation history by being the first 
man to fly nonstop across the Atlantic. 
This historic flight, on May 20, 1927, from 
New York City to Paris, France, made 
Lindbergh an overnight world hero; but, 
more important, his accomplishment re- 
vealed the possibility of intercontinen- 
tal flight and led to the quick and ex- 
tensive expansion of commercial and 
military aviation. 

Lindbergh was born in Detroit, Michi- 
gan, the son of a U.S. congressman from 
Minnesota. His early life was spent in 
Minnesota and Washington, D.C. In 1922 
he entered the University of Wisconsin 
to study mechanical engineering; but 
after becoming seriously interested in 
aviation, he left there to attend a flying 
school in Lincoln, Nebraska, and then 
became a cadet in the U.S. Air Service. 
Upon graduating he became an airmail 
pilot between Saint Louis and Chicago. 

Hearing about a $25,000 prize being 
offered by financier Raymond B. Orteig 
to the pilot who would fly nonstop from 
New York to Paris, France, Lindbergh 
sought financial backing from a group 
of Saint Louis businessmen and pur- 
chased a small, sturdy monoplane from 
the Ryan Aeronautical Company of San 
Diego, California. He named the plane 
Spirit of Saint Louis, in honor of his 
backers. While ferrying it from San 
Diego to New York, he set a transconti- 
nental speed record of almost 120 miles 
per hour. 


On the night of May 20, 1927, despite 
bad weather, Lindbergh took off on the 
3,610-mile flight to the French capital 
from Roosevelt Field on Long Island. Af- 
ter 33% hours he landed at Le Bourget 
Airport near Paris a hero and was greeted 
by cheering thousands. He was decorated 
by several European governments and 
on his return to the United States re- 
ceived the Congressional Medal of Honor 
from President Calvin Coolidge. “Lucky 
Lindy” became a household term and 
was even the subject of a popular song. 

Lindbergh made several other note- 
worthy long-distance flights-to Mexico 
City (1927), to Central America and the 
Caribbean (1928), and, with his wife, 
the former Anne Morrow, who later be- 
came a known writer, to the Orient 
(1931). Two years later he flew 30,000 
miles around the Atlantic, studying and 
charting possible air routes across the 
ocean, and then took on assignments as 
adviser and consultant to the government 
and to several airlines still in their infancy. 

In 1932 the two-year-old son of the 
Lindberghs was kidnapped from their 
home near Hopewell, New Jersey, and 
murdered in what was one of the most 
sensational crimes of the 1930s. It became 
a front-page story again in 1936 when the 
kidnapper was convicted and executed. 
The crime resulted in the Lindbergh 
Law, making it a federal offense to trans- 
port a kidnapped victim across a state 
line. 

Because of the overwhelming publicity 
given the trial and the execution, the 
Lindberghs moved to Europe, where they 
remained for four years. While there 
Lindbergh conducted several experiments 
with the French surgeon and biologist 
Alexis Carrel and collaborated with him 
ona book, The Culture of Organs (1938). 

After returning to the United States, 
Lindbergh served as consultant and ad- 
viser to several governmental aviation 
committees during World War II. Fol- 
lowing the war the Lindberghs moved to 
Connecticut to live a quiet, unassuming 
life away from the public eye. 

Lindbergh’s books include We (1929), 
Of Flight and Life (1948), The Spirit 
of Saint Louis (1953), and The Wartime 
Journals (1970). He was awarded the 
1954 Pulitzer Prize for The Spirit of Saint 
Louis, which is an autobiography as 
well as an account of his 1927 flight to 
Paris. 


LINNAEUS, CARL (1707-1778) 


The nomenclature and descriptions that 
still form the basis of plant classification 
were devised by Carl Linnaeus, an eigh- 
teenth-century Swedish botanist. The bi- 
nomial nomenclature (genera and spe- 


his Systema naturae (1758) did for zoo 


cies) that appeared first in Linnaeus” Spe- 
cies plantarum (1753) is the internation- 
ally accepted way of naming plants. 

The Linnaean system of classifying 
plants was based mainly on the number 
of stamens and pistils in the flower and 
the way in which, if not free, they wer 
joined together. Linnaeus recogni 
that the system was contrived; but a 
time when travel and investigation ws 
accelerating the discovery of vegeta 
it was a practical method that enabled 
students to quickly place a plant i 
named category. The simplicity of te 
Linnaean system in itself stimulated | 
tanical collecting. Aside from his rules 
nomenclature, the most valuable cont) 
butions that Linnaeus made were hi: 
careful descriptions of about 6,000 speci« 
arranged in genera and his collation of 
the species he knew with the names and 
descriptions given by previous botanists, 
making it possible to trace a plant fron 
one author to another. 

Linnaeus systematized not only the 
plant kingdom but also the animal and 
mineral. The tenth edition of Volume I of 


Among Carl Linnaeus’ many works on plant life 
was Hortus Cliffortianus, which was published 
in Amsterdam in 1737. This Swedish botanist 


X] GEORGIUS 


JURIS UTRIUS 


p) 


logical nomenclature what Species plan- 
tarum had done for the botanical. Lin- 
naeus practically created botanical Latin 
as a technical language. 

He was born at South R&shult, Sweden, 
re son of a clergyman, Nils Ingemarsson, 
ho, inspired by a big linden tree, or 

n, on the family property, coined for 

nself the surname Linnaeus. Carl was 

ucated at Växjö and at the universities 

Lund and Uppsala. At the latter insti- 
tion he qualified in medicine and met 
e veteran botanist Olaf Celsius, who 

foundly influenced his future. Lin- 

sus was appointed lecturer in botany 
1730 and two years later explored 

Lapland for the Swedish Academy of 

‘ences. From 1735 to 1738 he lived in 

land, where he published the results 

his journey to Lapland as Flora Lap- 
nica (1737). This work was published 
Lachesis Lapponica in England by 

r James Edward Smith in 1811. 
Returning to Sweden in 1738, Lin- 
icus settled in Stockholm as a practic- 
ig physician. He was appointed to the 
iair of medicine at Uppsala in 1741, 
ut a year later he exchanged it for the 


\roduced the binomial nomenclature of plant 
\ssification, using a noun for the genus and 
ı adjective for the species. 


I: SICCIS, 
in Holtandia, 


GCUNEROSISSIMUS 
CLIFFORD 
QUE DOCTOR, 

us ad Species, 

i ad Genera, 

s ad Clafles , 


ntarum natalibus 
isque Specierum. 


S ÆNEIS. 


ORE 


LINN ÆO, 
Imp. N. C. Soc, 


S) 


AML 


1737. 


chair of botany and thereafter taught and 
wrote. His works, which number about 
180, include Critica botanica (1737) and 
Philosophia botanica (1751), in which 
he explained his methods; two volumes 
of observations made during journeys in 
Sweden; and Hortus Upsaliensis (1748). 

In 1761 Linnaeus was granted a patent 
of nobility, antedated to 1757, and be- 
came known as Carl von Linné. Six years 
after his death his widow sold his col- 
lections and library to Sir J. E. Smith, 
who had become the first president of 
the Linnean Society of London, England. 
When Smith died in 1828, a subscription 
was raised to purchase the herbarium 
and library for the society, which still 
owns them. The Linnea flower was named 
in Linnaeus” honor. 


LIPMANN, FRITZ ALBERT (1899— ) 


In 1953 the German-U.S. biochemist 
Fritz Lipmann won the Nobel Prize in 
medicine or physiology for his discovery 
of coenzyme A, a vital substance in cel- 
lular metabolism. He shared the prize 
with the German-British biochemist Sir 
Hans A. Krebs, who had discovered the 
citric acid cycle in the metabolism of 
carbohydrates, protein, and fat. (See 
Sir Hans Adolf Krebs.) 

From the time he suspected its exis- 
tence, it took years for Lipmann to ac- 
tually isolate and identify coenzyme A 
(also called CoA, or the coenzyme of 
acetylation). Early in his career he stud- 
ied the Pasteur effect, in which tissues 
utilize fermentation at first but change 
to oxidation when oxygen is made avail- 
able. This led to the study of pyruvic acid 
oxidation and the observation that this 
process is dependent on inorganic phos- 
phate. He then examined the relationship 
between acetyl phosphate and acetyl 
transfer and discovered that he could not 
produce active acetate from acetyl phos- 
phate without some missing ingredient. 
‘After much work he isolated coenzyme A 
as the acetyl carrier and found that it is 
present in the extracts of all organs, as 
well as in microorganisms. In 1947 he 
finally announced his findings. 

Lipmann was bom in Königsberg, Ger- 
many, and studied medicine at the Ger- 
man universities of Königsberg, Munich, 
and Berlin. After receiving his doctorate 
in medicine from Berlin in 1922, he stud- 
ied chemistry successively with Ernest 
Laquer in Amsterdam, the Netherlands; 
Hans Meerwein in Königsberg; and Otto 
Meyerhof in Berlin. 

He received his doctorate in chemistry 
from Berlin in 1927 and did research with 
Meyerhof for three years thereafter. In 
1931 Lipmann went to the Rockefeller 
Institute in New York City to work under 
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P. A. Levene, and a year later he joined 
Albert Fischer at the Kaiser Wilhelm 
(now Max Planck) Institute in Berlin, 
Germany. When Fischer fled Germany 
in 1932, Lipmann followed him to Cop- 
enhagen, Denmark, where he worked at 
the Biological Institute for the Carlsberg 
Foundation until 1939, 

Beginning a new life in the United 
States, Lipmann became a member of 
the faculty of the Cornell University 
Medical School, New York City, in 1939 
and a naturalized U.S. citizen in 1944. 
He served as head of the biochemical re- 
search department at Massachusetts Gen- 
eral Hospital in Boston from 1941 to 
1957. During part of that period, 1949 
to 1957, he also served as professor of 
biological chemistry at the medical school 
of Harvard University. He returned to 
the Rockefeller Institute as a member 
and professor in 1957. 


LIPPMANN, GABRIEL (1845-1921) 


The French physicist Gabriel Lipp- 
mann made important contributions in 
the fields of electricity, thermodynamics, 
optics, and photochemistry. He is par- 
ticularly remembered for his invention of 
a process of color photography, for which 
he was awarded the 1908 Nobel Prize in 
physics. 

Lippmann was born to French parents 
at Hollerich, Luxembourg, but shortly 
thereafter the family moved to Paris. He 
was educated at the Ecole Normale there 
and at the universities of Heidelberg and 
Berlin in Germany. On his return to 
Paris in 1875, he joined the faculty of the 
Ecole Normale. In 1883 he was appointed 
professor of mathematical physics at the 
Sorbonne; and in 1886 he became profes- 
sor of physics there and director of its 
laboratory of physical research, holding 
that post until his death at sea during a 
return trip from Canada. 

While at Heidelberg he had become 
interested in electrocapillarity, which led 
to his invention of a highly sensitive cap- 
illary electrometer. He also stated the 
principle of the conservation of electric- 
ity and invented an astatic galvanometer, 
a new type of seismograph, and the 
coelostat for observing a section of the 
sky for an extended period of time. 

His most important work, however, 
was in the area of photochemistry. He 
invented the photographic reproduction 
of color by what is called the Lippmann 
interference process. His first known ref- 
erence to color photography was made 
in a series of lectures in 1886, and seven 
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years later he announced the first suc- 
cessful color photograph of the spectrum. 
In Lippmann’s process of color photog- 
raphy the light was reflected back on it- 
self. He used a photographic plate con- 
structed like the eye of an insect and, 
without using a lens, produced a nega- 
tive. 

In 1883 he was elected to the Paris 
Academy of Sciences. He became a for- 
eign member of the Royal Society in 
1908. 


LISTER, JOSEPH (1827-1912) 


Before antiseptic procedures were in- 
stituted by the English surgeon Joseph 
Lister, about half of the patients on whom 
amputations were performed died of 
gangrene or other infections; in fact, the 
mortality rate following all operations 
was extremely high. Lister conceived the 
idea of making wounds antiseptic and 
later of making the operating area, in- 
struments, and all persons present as 
clean and sterile as possible. For this 
reason he is universally regarded as the 
founder of antiseptic surgery. 

Lister was born at Upton, Essex, En- 
gland, the son of Joseph Jackson Lister, 
the discoverer of the aplanatic foci prin- 


ciple of microscopes, who did much to 
encourage young Lister in scientific stud- 
ies. After graduating from University Col- 
lege, London, in 1847, Lister studied 
medicine at University College Hospital 
and received his medical degree in 1852. 
The following year he went to Edin- 
burgh, where at first he worked as a 
house surgeon and in 1855 became as- 
sistant surgeon at the Edinburgh Royal 
Infirmary. His first major academic ap- 
pointment came in 1860, when he was 
appointed professor of surgery at the 
University of Glasgow; and in 1869 he 
became professor of clinical surgery at 
Edinburgh. He retumed to England in 
1877 and accepted the post of professor 
of surgery at King's College, London. 
After general anesthesia came into 
wide use, there was an increase in the 
number of operations performed. The 
mortality rate following operations, how- 
ever, was between 40 and 60 percent. At 
first Lister and most other medical men 
assumed that oxygen in the air caused 
sepsis in a wound; but then in 1865, on 
hearing of Louis Pasteur discovery that 
putrefaction is caused by microorganisms 
in the air, Lister began using carbolic 
acid as an antiseptic dressing, with a 
consequent dramatic drop in the death 
rate from infections following operations 
and injuries. The results of his method 
were published in his paper “On the 


Various equipment was used by Joseph Lister 
for spraying the air in operating rooms with 
carbolic acid as a precaution against infec- 


tion. Later, however, he found that spotlessly 
clean operating areas and personnel and ster- 
ilized instruments were just as effective. 


Joseph | 


Antiseptic Principle in the Practic 
Surgery” (1867). As a further precat 
against infection, Lister in 1871 

spraying the air in the operating 

with carbolic acid but soon found th 
was sufficient to have a spotlessly « 
room, well-scrubbed surgeons and : 
ants, and instruments sterilized by | 

Lister also conducted research o 
muscles of the iris, on early stag 
inflammation, and on coagulatior 
blood. He was interested in bacterio 
as well and was the first scientist to į 
microorganisms in pure culture. 

In his surgical work he devised 
operations for the excision of the v 
joint and for cancer of the breast 
proved surgery of the bladder and i 
thra, and developed a new technique 
amputating through the condyles of t 
femur. He introduced new surgical i 
struments, such as the aortic tourniqu 
the wire needle, the ear hook, sinus for 
ceps, and forceps for extracting stone 
from the prostatic urethra. Pursuing hi 
interest in antiseptic surgery, he devoted 
time to developing sterile ligatures and 
in 1880 adopted the sulfochromic catgut 
ligature. He also continued searching for 
better antiseptic agents, since carbolic 
acid was irritating to the tissues, and 
late in his career experimented with the 
disinfectant properties of compounds 
containing mercury. 

Lister was elected a fellow of the Royal 
Society in 1860, serving as its president 
from 1894 to 1900. In 1896 he was presi- 
dent of the British Association for the 
Advancement of Science. He was one of 
the founders of the British Institute of 
Preventive Medicine, which was later re- 
named in his honor. In 1883 he was made 
a baronet and in 1897 was raised to the 
peerage, becoming Baron Lister of Lyme 
Regis. As such, he was the first medical 
doctor to become a member of the House 
of Lords. The Order of Merit was be- 
stowed on him in 1902. 


LOBACHEVSKI, NIKOLAI IVANOVICH 
(1793-1856) 

The first mathematician to make a rev- 
olutionary contribution to geometry in 
the twenty centuries since the time of 


Euclid was the Russian Nikolai Ivanovich 
Lobachevski. Even though several mathe- 
maticians had independently worked on 
similar systems, Lobachevski was the first 
one with the courage to publish, in 1829, 
system of non-Euclidean geometry. 
He began by contemplating Euclid's 
th axiom, which states that through a 
ven point not on a given line, only one 
e can be drawn parallel to a given line. 
sis axiom was not self-evident, and for 
nturies mathematicians had failed to 
we it with Euclid’s other axioms. In 
ming his own geometry, Lobachevski 
;carded the fifth axiom altogether and 
umed that at least two parallel lines 
\ be drawn through a given point not 
a given line. Using this and some of 
iclid’'s other axioms, he built a self- 
nsistent system of geometry, which 
iny years later found application in 
eoretical physics and was valuable to 
ibert Einstein’s theory of relativity. 
Lobachevski was born to peasant par- 
nts at Nizhni-Novogorod (later Gorki), 
ussia. After the death of his father the 
mily moved to Kazan, where his mother 
inaged to get him enrolled in the newly 
tablished university. He graduated from 
© University of Kazan in 1813 and be- 
me an assistant professor of mathe- 
tics there the following year. In 1822 
was made a full professor and in 1827 
is also appointed rector, or president, 
the university. 
Not only did he receive little recog- 
tion for his work during his lifetime 
t also was often ridiculed for his uncon- 
ntional views on geometry. Although 
| excellent professor and administrator, 
was dismissed from his posts at the 
niversity in 1846 without cause. Lo- 
ichevski's published works include 
rinciples of Geometry (1829-1830), 
imaginary Geometry (1835), and New 
Principles of Geometry, with a Complete 
Theory of Parallels (1835-1838 ). 


LOEB, JACQUES (1859-1924) 


The achievements of the German- 
American biophysiologist Jacques Loeb 
in his work on animal tropisms and on 
artificial parthenogenesis were especially 
noteworthy. He analyzed the process of 
egg fertilization and discovered how to 
fertilize the eggs of certain animals by 
artificial means. 

Loeb was born at Mayen, Germany, 
and studied at Berlin and Munich before 
receiving his medical degree from the 
University of Strasbourg in 1884. From 
1886 to 1891 he carried on his work in 
biology at the University of Wiirzburg, 
the University of Strasbourg, and at the 
Naples Biological Station. After moving 
to the United States in 1891, he held 


professorships at Bryn Mawr College, in 
Pennsylvania (1891-1892), the Univer- 
sity of Chicago (1892-1902), and the 
University of California at Berkeley 
(1902-1910). He became head of the 
general physiology division of the Rocke- 
feller Institute for Medical Research, 
New York City, in 1910. Many of his ex- 
periments were conducted at the Marine 
Biological Laboratory at Woods Hole, 
Massachusetts. 


Jacques Loeb 


———— 


Being a mechanist, Loeb attempted to 
demonstrate that tropisms govern the 
behavior of simple animals in much the 
same manner as they do plants. He de- 
veloped a theory of tropism and con- 
ceived of complexes of tropisms being 
responsible for human moral and ethical 
behavior. He was one of the first experi- 
menters in the field of parthenogenesis 
and succeeded in producing larvas of sea 
urchins from unfertilized eggs by making 
certain changes in their environment. 
Later he artificially fertilized frog eggs 
and raised the young frogs to sexual ma- 
turity. He also conducted research in 
comparative physiology and in psychol- 
ogy, producing important work on the 
physiology of the brain; and his work on 
the distinction between living and dead 
matter contributed to the theory of col- 
loidal behavior. Loeb’s published works 
include The Dynamics of Living Matter 
(1906), The Mechanistic Conception of 
Life (1912), The Organism as a Whole 
(1916), and Regeneration (1924). 


LOEWI, OTTO (1873-1961) 

By proving for the first time that 
chemical substances are involved in the 
transmission of nerve impulses, Otto 
Loewi, a German-American pharmacolo- 
gist, shared the 1936 Nobel Prize in phys- 
iology or medicine. His co-winner was 
Sir Henry H. Dale, British physiologist, 
who isolated the chemical released at 


LORENTZ 


autonomic nerve endings. (See Sir Henry 
Hallett Dale.) 

Loewi was born in Frankfurt am Main, 
Germany, and educated at Strasbourg 
and Munich. He received his medical de- 
gree from the University of Strasbourg 
in 1896 and was appointed assistant in 
the pharmacological institute at Marburg 
in 1898. Three years later he worked for 
a time under the direction of the British 
physiologist Ernest H. Starling at Uni- 
versity College, London. There Loewi 
formed a lasting friendship with Dale. 
In 1904, on his return to Marburg, Loewi 
was made titular professor of pharmacol- 
ogy, the following year he went to the 
University of Vienna as associate profes- 
sor, and in 1909 he became professor of 
pharmacology at the University of Graz, 
Austria, serving in that post until 1938. 

Studying nerve action, Loewi demon- 
strated in 1921 that a chemical sub- 
stance was set free when he stimulated 
the nerves connected to a frogs heart 
and that the fluid containing the sub- 
stance could directly—without nerve ac- 
tion—stimulate another heart. He called 
the substance Vagusstoff (“vagus ma- 
terial”) because it was released when he 
stimulated the vagus nerve. Dale soon 
proved that Vagusstoff was the compound 
acetylcholine, which he had isolated in 
1914. 

Two years after Loewi and Dale had 
won the Nobel Prize, Nazi Germany oc- 
cupied Austria. Loewi fled first to En- 
gland but in 1940 emigrated to the 
United States, where he joined the fac- 
ulty of New York University College of 
Medicine. He became a U.S. citizen in 
1946. 

In addition to his work with the nerv- 
ous system, Loewi did important research 
on diabetes, digitalis, and adrenaline. A 
test that he devised in 1908 for pancre- 
atic function is known as Loewi's test. 


LORENTZ, HENDRIK ANTOON 
(1853-1928) 

The Dutch physicist Hendrik A. Lo- 
rentz shared the 1902 Nobel Prize in 
physics with Pieter Zeeman for work on 
the influence of magnetism on radiation 
and helped prepare the way for Albert 
Einstein’s special theory of relativity. 
Lorentz’ lifework, though of broad scope, 
focused on the formulation of a consistent 
theory for electricity, light, and magnet- 
ism. (See Pieter Zeeman.) 

Lorentz was born at Arnhem, the Neth- 
erlands, to a family of Rhenish origin. His 
father, a well-to-do farmer, was compar- 
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atively uneducated but gifted with re- 
markable intelligence and an extraordi- 
nary memory, which the son inherited. 
His mother died when he was nine, and 
he grew up with a stepmother. She was 
good to him, and he, in tum, with his 
calm and happy disposition, gave her lit- 
tle cause for concern. 

At school he was fortunate enough to 
have good teachers, a talent for lan- 
guages, and, above all, an interest in 
mathematics and physics, which became 
his favorite subjects. To gain admittance 
to Leiden University, he also had to study 
classical languages, which he did on his 
own. Before long he had mastered them 
so thoroughly that forty years later he 
was still able to compose Latin verses. In 
1872 he took a science degree, for which 
he had studied on his own again, since 
he did not find group work satisfactory. 
The thoroughness of his studies and his 
thirst for knowledge are shown by the 
fact that on finding James Clerk Max- 
well’s published works completely unread 
in the physics laboratory at the university, 
he took them away, fully convinced that 
nobody would miss them. To complete his 
studies he returned to his native town, 
where he found a job as a night-school 
teacher that left him enough free time 


in which to study and finish his thesis. 

After receiving his doctorate, he ac- 
cepted a position at Leiden University as 
a teacher of experimental and theoretical 
physics. He also conducted the physics 
course for doctors for so many years that 
he was given an honorary degree in med- 
icine. 

Lorentz turned to good account the 
works of Maxwell that he had taken from 
the physics laboratory at Leiden, assimi- 
lating them so thoroughly that he mas- 
tered the theory of electromagnetism and 
even developed it more systematically. 
The importance of Lorentz’ theory of ra- 
diation was proved when he was able to 
explain the Zeeman effect: if light is made 
to radiate from atoms placed in a mag- 
netic field, the latter emit, not one spec- 
trum line, but two and, in certain circum- 
stances, even three; this is caused by the 
action of the magnetic field on the move- 
ment of the electrons in the atom. Not 
only did Lorentz give a correct explana- 
tion of the phenomenon but also was 
later proved right in his predictions of 
polarization effects. In his study of the 
laws of light, he found a formula that was 
discovered almost simultaneously by a 
Danish physicist, Ludwig Valentin Lo- 
renz. Instead of being irritated, Lorentz 
used to say that he had been involved in 
an event that was perhaps unique: the 
simultaneous discovery of the same law 
by two physicists of the same name. One 


After sharing in the 1902 Nobel Prize in phys- 
ics, Hendrik Lorentz (second from left) attended 


many conferences, including one at Leiden at 
which experiments on helium were conducted. 


of Lorentz’ most important achievements 
was the anticipation of the laws of re- 
stricted relativity, laws that Lorentz in- 
troduced to explain certain mechanical 
characteristics of the movement of bodies 
with speeds close to that of light. 

In 1918 Lorentz was named president 
of the committee for the draining of the 
Zuider Zee, an important post in the Neth- 
erlands, and, though no longer young, set 
to work with enthusiasm. He studied the 
winds, currents, and tides and, at great 
savings to the government, calculated 
that even with a smaller dike the new 
basin could contain more water than had 
been planned. He died before the work 
was completed, but his methods are still 
used by the Dutch Water Service. 

After Lorentz had become famous, he 
went abroad a number of times, chiefly 
to take part in international conferences. 
He excelled at these because of his knowl- 
edge of languages, his amiability, and his 
rare diplomatic skill. He also presided at 
the councils of the Solvay Scientific So- 
ciety several times and was chairman of 
the Committee of Intellectual Coopera- 
tion established by the League of Nations 
as well. After his death a foundation for 
the promotion of theoretical physics was 
created and named in his honor. 


LORENZ, KONRAD ZACHARIAS 
(1903- ) 


One of the most colorful scientists of 
the twentieth century was the Austrian 
zoologist Konrad Lorenz, who literally 
brought his work home with him, allow- 
ing all manner of animals to roam freely 
throughout his house. He carefully ob- 
served the behavior of the animals in his 
home, as well as many forms of wildlife, 
and was one of the pioneers of modern 
ethology, basing a new school of study 
on the idea that the behavior of an animal 
is a result of adaptive evolution. 

Lorenz was born in Vienna, Austria, 
and early in life developed an interest in 
wildlife, mainly from his explorations in 
the countryside surrounding the family’s 
summer home at Altenberg. At the sug- 
gestion of his father, a professor at the 
University of Vienna and a famous orth- 
opedic surgeon, Lorenz took up the study 
of medicine and in 1928 received his 
medical degree from the University of 
Vienna after studying there and at Co- 
lumbia University in New York. While 
working as an assistant at the Anatomical 
Institute in Vienna from 1928 to 1935, he 
studied zoology and in 1933 obtained his 
doctorate. 

In 1937 Lorenz began lecturing in com- 
parative anatomy and animal psychology 
at the University of Vienna and was as- 
sistant professor there from 1938 until he 


G d Lorenz 


w- appointed professor and head of the 

I iology department at the University 

énigsberg, Germany, in 1940. After 

a short time, however, he left the 

r post to serve as physician in the 

van army during World War II. He 

captured and held as a prisoner of 

in the Soviet Union from 1944 to 

whereupon he returned to Austria 

ecame head of the Institute of Com- 

ve Ethology at Altenberg in 1949. 

mained there until 1951, when he 

invited to head the Department of 

rch in Comparative Ethology at the 

Planck Institute for the Physiology 

chavior in Buldem, Germany. In 

he was appointed assistant director 

institute, where he stayed until 

when he became director of the 

Planck Institute for the Physiology 
havior at Seewiesen. 

wenz studied and wrote about the 

rinting and release mechanisms in an- 

ls. Of imprinting, Lorenz found that 

mals raised with a species other than 

their own have reactions directed toward 

that species and do not know to what spe- 

cies they belong. Releasers, according to 

Lorenz, are actions that set off instinctive 

reactions, such as the gestures of fighting 

fish that either stimulate or inhibit the 

urge to fight in another fish of the same 

species. 

Not only did Lorenz write about the 
behavior of animals, but his books also 
contain philosophical commentaries on 
the human condition. Among his pub- 
lished works can be found King Solo- 
mon’s Ring (1952), Man Meets Dog 
(1954), Evolution and Modification of 
Behavior (1966), On Aggression (1966), 
and Studies in Animal and Human Be- 
havior I (1969). His film about graylag 
geese was awarded the Gold Medal of 
the New York Zoological Society. Lorenz 
was awarded several honorary degrees 
from universities in Europe and the 
United States and was elected to many 


scientific and professional societies, in- 
cluding Great Britains Royal Society and 
the American Academy of Arts and Sci- 
ences, 


LOVELL, SIR ALFRED CHARLES BERNARD 
(1913- ) 

The English astronomer Bernard Lov- 
ell was responsible for building, at Jodrell 
Bank, Cheshire, England, the first giant 
radio telescope. This became the world's 
most successful instrument for tracking 
Earth satellites. 

Lovell was born in Oldland Common, 
Gloucestershire, England, and was edu- 
cated at the University of Bristol. After 
receiving his doctorate there in 1936, he 
joined the faculty of Manchester Uni- 
versity as a lecturer in physics. During 
World War II he served with the Air Min- 
istry Research Establishment—this later 
became the Telecommunication Research 
Establishment—where he developed cen- 
timetric airborne radar and was head of 
the British blind bombing and antisub- 
marine groups. 

With a team of associates in 1946-1947, 
Lovell demonstrated that radar echoes 
can be picked up from daytime meteor 
showers, which are invisible by ordinary 
optical means. By applying radio tech- 
niques to meteor activity, Lovell and his 
team were able to determine orbits and 
radiants of meteors. Later experiments 
demonstrated that all meteors are mem- 
bers of the solar system and are not inter- 
stellar in origin. 

In 1951 Lovell became the first profes- 
sor of radio astronomy at Manchester 
University and director of the Jodrell 
Bank Experimental Station, just outside 
Manchester, where he began building a 
giant steerable radio telescope. When 
completed six years later, it measured 250 
feet in diameter and employed the tur- 
ret rack of a battleship as a steering de- 
vice. It was finished just in time to track 
Sputnik I, the first man-made satellite, 
launched by the Soviet Union in October 
1957, and afterward was used success- 
fully in tracking other major Earth satel- 
lites. 

Lovell was elected a fellow of the Royal 
Society in 1955, received the society's 
Royal Medal in 1960, and was knighted 
in 1961. His books include Radio Astron- 
omy (1952), Meteor Astronomy (1954), 
The Exploration of Space by Radio 
(1957), The Individual and the Universe 
(1959), and The Exploration of Outer 
Space (1961). 


LOWELL, PERCIVAL (1855-1916) 


The U.S. astronomer Percival Lowell 
founded the Lowell Observatory at Flag- 
staff, Arizona. He is famous also for his 


LOWELL 


observations of the planet Mars and for 
correctly predicting the existence of the 
planet Pluto. 

Lowell was born to an aristocratic fam- 
ily—his sister was the poet Amy Lowell— 
in Boston, Massachusetts, and educated 
at Harvard University, graduating with 
honors in 1876. From 1877 to 1893 he 
worked in the business world and spent 
a considerable amount of time traveling 
in the Far East, mainly in Japan. During 
this time he wrote several books on the 
Orient. 


Percival 
Lowell 


When, in 1894, the Lowell Observatory near 
Flagstaff, Arizona, was completed, Percival 
Lowell devoted a large part of his studies to 
observing Mars, with the hope of proving that 
it was inhabited. In 1905 he plotted a map of 
Mars showing its north pole. 


12 


LUMIERE 


Having always had an interest in math- 
ematics, and with his curiosity about as- 
tronomy aroused by the discovery of 
“canals” on Mars, he decided to devote 
his time and money to observing the solar 
system. After searching, he found the per- 
fect place for his observatory: a high, re- 
mote spot near Flagstaff, where the clear 
desert air was ideal for searching the 
skies. In 1894 the Lowell Observatory was 
completed, and he began observing Mars. 
At first he used an eighteen-inch refract- 
ing telescope but later changed to a 
twenty-four-inch refractor. His most fam- 
ous work relating to Mars concerned the 
canals, He painstakingly charted many 
of these canals and concluded that they 
were built and used by intelligent beings 
for the purpose of irrigation. Even though 
he was sincere in his work, his theory of 
life on Mars proved to be highly doubt- 
ful, and many of his observations of canals 
are now thought to have been a type of 
optical illusion. 

The other major contribution of Low- 
ell was his prediction of the existence of 
Planet X, which was later named Pluto, 
Because of the perturbations of Uranus, 
he calculated that there was a planet be- 
yond Neptune; and at the Lowell Observ- 
atory, on March 12, 1930, years after Low- 
ell’s death, Pluto was discovered in a 
position close to that predicted by Lowell. 

Lowell made many important observa- 
tions about the other planets also, such as 
the discovery of new divisions in the rings 
of Saturn, and engaged in the spectro- 
scopic study of clusters and nebulas. In 
1902 he was made professor of astronomy 
at the Massachusetts Institute of Technol- 
ogy. His publications include Mars 
(1895), Mars and Its Canals (1906), 
Mars as the Abode of Life (1908), The 
Evolution of Worlds (1909), and The 
Genesis of the Planets (1916). 


LUMIERE, LOUIS JEAN (1864-1948) 
and AUGUSTE MARIE LOUIS NICOLAS 
(1862-1954) 

The first satisfactory motion-picture 
camera and projector were developed by 
Louis Jean Lumière and his brother 
Auguste. Working as a team, the French 
scientists, inventors, and manufacturers 
also introduced a new kind of photo- 
graphic colorplate and a direct-color 
process. 

Both Louis and Auguste were bom at 
Besançon, France. Expanding the dry- 
plate factory founded at Lyons in 1882 
by their father, Antoine Lumière, they 
began manufacturing photographic paper 


and roll film in 1887. In 1895 they built 
and patented their Cinématographe—a 
camera, projector, and printer combined 
—which was the basis of nearly all mod- 
ern motion-picture apparatus. Its design 
incorporated an intermittent claw move- 
ment with perforated 35 millimeter film 
of Lumiére manufacture. 

In June 1895 the Lumiéres showed sev- 
eral films, each a few minutes long; and 
the first public cinema performance be- 
fore a paying audience took place in 
Paris, France, the following December. 
Soon Cinématographes were taking pic- 
tures and giving shows throughout Eu- 
rope. In June 1896 the machines were 
introduced into the United States to com- 
pete with Thomas A. Edison’s Kineto- 
scope, which did not project the image 
but, instead, provided for viewing the 


In 1895 Louis Lumière and his brother Auguste 
patented their Cinématographe, a camera, pro- 
jector, and printer combination. The first public 


moving pictures through a peephole. 

Another innovation, the Photorama, 
was presented by the brothers in 1900 at 
the International Exhibition in Paris. This 
was a 360-degree panoramic projection 
device. The Lumières also invented 
stereo motion-picture process that ¢ 
a three-dimensional effect when vie» 
through special eyeglasses, but it was -t 
introduced until 1935. 

In the field of color photography 
Lumières patented Autochrome « 
plates in 1904. The plates were c 
with starch grains dyed green, red, 
blue to act as a color screen. This res 
in a transparency composed of small 
of primary colors that gave the effe 
mixed colors. Introduced commerc 
in 1907, the Autochrome method bec 
the first popular direct-color process 


cinema performance took place in Paris 
December 1895, and soon there were Ciné 
ographe shows throughout Europe. 


Louis Jean 
Lumière 
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CINEMATOGRAPHE 


The Lumières wrote many papers on 
their chemical and photographic investi- 
gations. Auguste was also active in the 
field of biology. 


LURIA, SALVADOR EDWARD 


(1912 ) 

American biologist Salvador E. 
Li was one of three scientists who won 
the . 69 Nobel Prize in medicine or phys- 
io! The other two were Max Delbriick 
ar fred D. Hershey. (See Max Del- 


b Alfred Day Hershey.) 

a became interested in the subject 
o ultimate expertise during a traffic 
j any years ago in his native Italy. 
Si in a stalled streetcar in Rome, he 
st | talking to a passenger next to him 
ar ıded up working for him. 

)40 he moved to the United States, 
w at Vanderbilt University, Nash- 
y l'ennessee, he joined Delbrück, 
\ as studying the interaction of vi- 
r ind bacteria. Their research in- 
vi bacteriophages, prolific viruses 
tl fect bacterial cells rather than ordi- 
n mes. The men created models that 
n natically described how phages 
1 ly. Their work revolutionized mo- 
le biology, particularly as it relates 
t viral diseases. Even after they left 
\ rbilt, Luria and Delbriick contin- 
i | cooperate. Hershey joined them in 
1 ind the three scientists became 
k as the Phage Group. 

the three, Luria probably was the 
n politically active. He was pleased, 
f mple, that his Nobel Prize was an- 
n sd on October 16, not October 15, 
th ‘ay that he was taking part in a na- 
tic | Vietnam moratorium, He said that 
he would use his share of the award 
money “for myself, my family, and a 
number of antiwar activities.” 

uria was bom in Turin, Italy, and 

studied medicine there and physics and 
radiology in Rome and Paris, France, be- 
fore moving to the United States, where 
he was naturalized in 1947. In the United 
States he conducted research and taught 
at Columbia University’s College of Phy- 
sicians and Surgeons, the Carnegie Insti- 
tution, the University of Indiana, the Uni- 
versity of Illinois, and the Massachusetts 
Institute of Technology, where he be- 
came head of the microbiology depart- 
ment. 

He published General Virology in 1953 
and was elected to the National Academy 
of Sciences in 1960. In keeping with his 
belief that the purpose of science is to 
further humanitarian ends, he also did 
sculpturing and taught world literature 
to graduate scientists. 


LUSSAC. See Gay-Lussac, Joseph Louis. 


LWOFF, ANDRÉ (1902- ) 


The French biologist André Lwoff 
shared the 1965 Nobel Prize in medicine 
or physiology for his discoveries concern- 
ing regulatory activities inside cells. The 
other co-winners were the French scien- 
tists Frangois Jacob and Jacques Monod. 
(See Frangois Jacob; Jacques Monod. ) 

Lwoff was born in the Allier Depart- 
ment of central France to Russian-Polish 
parents. In 192] he earned a bachelor’s 
degree in natural science and in 1927 a 
medical degree and a doctorate in na- 
tural science. He did research at the Pas- 
teur Institute of Paris and later became 
professor of microbiology at the Sorbonne 
in Paris. For his work with the under- 
ground during World War II, he received 
the Medal of the Resistance and also was 
made an officer in the French Legion of 
Honor. 


LYELL, SIR CHARLES (1797-1875) 


The British geologist Sir Charles Lyell 
established and popularized, in the mid- 
nineteenth century, principles of geology 
that have been generally accepted ever 
since. In his time—as in that of James 
Hutton, who had founded geology as an 
organized science a generation earlier— 
the prevailing opinion among geologists 
was that worldwide catastrophes under- 
lie geological history. When Lyell be- 
came acquainted with Hutton’s views, he 
saw that they coincided with his own 
and then devoted himself to proving the 
truth of what came to be known as uni- 
formitarianism. This doctrine holds that 
geological history is a matter of ordinary 
processes, such as heat and erosion, and 
that the same processes that have always 
acted will continue to act in a uniform 


SS  —— 
Sir Charles Lyell 


LYELL 


way. Lyell presented this fundamental 
principle so forcefully that it became the 
accepted view. 

Lyell, the son of Charles Lyell, an ac- 
complished botanist, was born on the 
family estate at Kinnordy, Forfarshire, 
Scotland; but the family moved to Hamp- 
shire, England, when he was a boy. In 
1816 he entered Exeter College, Oxford, 
where the lectures of William Buckland 
attracted him to geology. His interest 
grew as he made geological tours of En- 
gland, Scotland, and continental Europe. 
In 1819 he began to study law, which he 
practiced for a time, but in 1827 he finally 
abandoned it for geology. 

On one of his frequent tours of Europe, 
Lyell was studying the marine remains of 
the Italian Tertiary strata when he ar- 
rived at the idea of dividing the geolog- 
ical system into three or four groups ac- 
cording to the proportion of recent to 
extinct species of shells. To these groups 
he gave the names that were later adopted 
universally: Eocene, Miocene, and Pli- 
ocene. 

His greatest work, The Principles of 
Geology, was published in three volumes 
between 1830 and 1833. From then until 
1876, there were twelve editions pub- 
lished, each forming a complete history 
of the progress of geology since the pre- 
vious edition. Elements of Geology was 
published in 1838 and went through six 
editions in Lyell’s lifetime. In his third 
major work, The Antiquity of Man 
(1863), Lyell stated the arguments for 
man’s early appearance, basing them on 
flint implements discovered in post-Pli- 
ocene strata, and supported the origin of 
species theory propounded by Charles 
Darwin, the most eminent of his scien- 
tific associates—it was Lyell who helped 
Darwin conclude that the succession of 
life is the result of uniformitarian evolu- 
tion. Among Lyell’s papers and books are 
accounts of his travels in North America 
in 1841 and 1845. 

At the age of twenty-two he was al- 
ready a member of the Linnean and Geo- 
logical societies, and in 1826 he was 
elected a fellow of the Royal Society. 
Lyell was twice president of the Geolog- 
ical Society and in 1866 was the recipient 
of its Wollaston Medal. The Royal Soci- 
ety awarded him the Royal Medal in 1834 
and the Copley Medal in 1858. He was 
knighted in 1848 and made a baronet in 
1864. Lyell bequeathed the means for es- 
tablishing the Lyell Medal to be awarded 
annually, or from time to time, by the 
council of the Geological Society, 
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LYNEN, FEODOR (1911— ) 


The German biochemist Feodor Lynen 
shared the 1964 Nobel Prize in medicine 
or physiology with Konrad Bloch, a Ger- 
man-American biochemist, for research 
into the metabolism of cholesterol and 
fatty acids. The two scientists worked in- 
dependently; publication of their findings 
made them aware of their common goal. 
Their work was somewhat complemen- 
tary, however, for Lynen was mainly con- 
cerned with fatty acids, while Bloch con- 
centrated on sterols. In making the award, 
the Nobel committee pointed out that any 
remedy for the circulatory ailments that 
are accompanied by disturbed fat metab- 
olism would derive from the work done 
by Lynen and Bloch. Both sought to dis- 
cover how a cell changes simple chemical 
compounds into complex molecules of 
sterols and lipids, or fats. 

Lynen was the first to isolate activated 
acetate, from which both cholesterol and 
fatty acids are formed, and, together with 
his colleagues, discovered a group of en- 
zymes that enable the body to produce 
and consume fatty acids. He found that 
biotin, a B-complex vitamin, is necessary 
for the production of fatty acids and ex- 
plained the pathway of biosynthesis of 
compounds, including cholesterol, squa- 
lene, terpenes, and natural rubber. 

Lynen was bom in Munich, Germany, 
where his father was professor of engi- 
neering at the Technische Hochschule. 
Young Lynen was educated as a chemist 
at the University of Munich, earning his 
doctorate in 1937, and married the 
daughter of one of his teachers, Heinrich 
Wieland, also a Nobel laureate. In 1941 
Lynen qualified as a university lecturer 
at Munich, in 1947 he became professor 
of biochemistry, and in 1954 he was ap- 
pointed director of the Max Planck Insti- 
tute of Biochemistry in Munich. He was 
elected a foreign associate of the U.S. 
National Academy of Sciences in 1962. 


LYSENKO, TROFIM DENISOVICH 
(1898— ) 


A scientist who won fame because of 
his errors rather than his accomplish- 
ments was the Soviet biologist Trofim 
Denisovich Lysenko. He wrongly be- 
lieved that acquired characteristics in 
plants can be passed on to the next gen- 
eration of plants. In spite of evidence to 
the contrary, Lysenko’s views were sup- 
ported by the Soviet dictator Joseph 
Stalin, with disastrous results to Soviet 
agriculture. 


Lysenko was born at Karlovka in the 
Ukraine and graduated from the Poltava 
School of Horticulture in 1921 and from 
the Kiev Institute of Agriculture in 1925. 
He rejected orthodox genetics as estab- 
lished by such men as G. J. Mendel and 
concentrated on practical work in plant 
breeding similar to that done by Luther 
Burbank. Actually, his theories were a 
form of Lamarckism. His major premise 
in agriculture was the unity of the plant 
with its environment. He believed that 
he could direct changes in heredity by 
controlling environment in such a way 
that wheat plants would produce rye 
seeds. He also worked with plant grafting 
and the breeding of grafted plants. By 
his method of vernalization, winter seed 
was sown as spring seed, since its germi- 
nation had been retarded by freezing. 

Even though his work lacked a rigor- 
ous statistical basis, Lysenko worded his 
arguments in such a way that they fit the 
political thinking of the 1930s in the 
Soviet Union. He promised higher crop 
yields than was possible and gave more 
hope for the future than other biologists, 
and so with the support of Joseph Stalin 
he became the leading agronomist in the 
Soviet Union. Exponents of other theories 
of genetics were not allowed to voice 
their opposition to Lysenko, and many 
geneticists were arrested and probably 
executed; at any rate, they died under 
mysterious circumstances. 

As director of the Institute of Genet- 
ics of the Academy of Sciences of the 
U.S.S.R., Lysenko was the leader of 
Soviet biology. In 1940 he also became 
president of the V. I. Lenin All-Union 
Academy of Agricultural Sciences. He 
was awarded the Order of Lenin in 1948 
and won the Stalin Prize for his book 
Agrobiology in 1949. 

After Stalin’s death in 1953, criticism 
of Lysenko’s policies and theories was 
permitted, and he gradually fell into dis- 
favor. In 1965 he was removed as direc- 
tor of the Institute of Genetics, and ef- 
forts were made to restore the orthodox 
theory of genetics in the Soviet Union’s 
scientific community. 


MacLEOD, JOHN JAMES RICKARD 
(1876-1935) 

The British physiologist John J. R. 
MacLeod, whose outstanding work in- 
volved the control of carbohydrate me- 
tabolism in the animal body, was co- 
winner of the 1923 Nobel Prize in 
physiology or medicine. He and F. G. 
Banting shared the award for isolating 
insulin. (See Sir Frederick Grant Bant- 
ing.) 

MacLeod, the son of a clergyman, was 
born near Dunkeld, Scotland, and edu- 


cated at Marischal College, Aberdeen, 
and Leipzig University in Germany. 
From 1899 to 1902 he was successively 
demonstrator in physiology and lecture 
in biochemistry at the London Hosp 
In 1903 he went to Western Reserve ! 
versity, Cleveland, Ohio, where he le- 
came professor of physiology. He +e- 
mained there until 1918, later bec 7 
professor of physiology, director « e 
physiological laboratory, and ass e 
dean of the faculty of medicine a e 
University of Toronto, Ontario, Ca: 

It was in MacLeod’s laboratory 
ronto that Banting and C. H. Bes 
ceeded in isolating insulin from th: 
creas of experimental animals. Ma l 
had been interested in diabetes mc 
long before insulin was isolated in 
By then the control of human dia! 
by regulating sugar intake was wel 
vanced, but severe cases were fatal. | 
ing divided his portion of the Nobel 1 
with Best, and MacLeod shared his 
a young chemist, J. B. Collip, who 
helped purify the extract so that it w 
be usable by diabetic patients. 

Besides carbohydrate metabolism, ' 
Leod investigated purine bases, tu 
culosis bacteria, carbamates, elec 
shock, and air sickness. An exceptio 
teacher and director of research, 
trained many successful scientists in } 
laboratories, From 1901 to 1903 he ha 
held the Mackinnon Research Schola 
ship of the Royal Society of London. 

Among his publications are Practica 
Physiology (1903); Recent Advances in 
Physiology, edited by Leonard Hill 
(1905); Diabetes, Its Physiological Path- 
ology (1913); Fundamentals of Physiol- 
ogy (1916); Physiology in Modern Med- 
icine (ninth edition, 1941); and many 
scientific papers. 


McCORMICK, CYRUS HALL (1809-1884) 


The mechanical reaper was invented 
by Cyrus Hall McCormick. He was born 
on a farm in Rockbridge County, Vir- 
ginia, the eldest son of farmer and in- 
ventor Robert McCormick. Since his help 
was needed on the farm for most of the 
year, he attended school only during the 
winter months. The family farm was 
equipped with a foundry and a work- 
shop, where the father had invented a 
hemp break and also experimented with 
a reaper but with no success. Cyrus took 
up the problem of the reaper, made a 
model, and demonstrated it for the first 
time near Steele’s Tavern, Virginia, in 
July 1831—at the age of twenty-two. 

Some reaper inventions had already 
been patented in the United States, and 
a reaper had been invented in Scotland 
in 1826. McCormick’s first reaper, how- 


Cyrus Hell 

MoCornick 

ever iloyed a reel to pull the grain 
to tl ung blades and featured a plat- 
forn sollecting the grain and a di- 
vide keeping the grain to be cut 
fron rain to be left in the field. The 
prin used in MeCormicks first 
reap re essential to all grain-cutting 
mac thereafter. 

H ined a patent for his reaper in 
1834 sold his first two machines in 
Virg in 1840. He continued making 
imp ients on his original invention, 
how and took out a second patent 
in | nd a third patent in 1847. 

In ted in making and selling 
reap ind other farm machinery on a 
larg le basis, McCormick went to 
Chic Ulinois, where in 1846 he sold 
aha rest in the reaper to the mayor, 
Will Ogden, for $25,000. By 1847 
Mc( ‘k had enough capital to open 
a fa in Chicago, and by 1849 he was 
succ | enough to buy back Ogden’s 
half vest. His brothers Leander and 
Will vere then admitted as partners. 


h 58 McCormick married Nettie 


Fow who became a close consultant 
in t- business. After his death she as- 
sum: control of the company, thereby 
bein; he first woman to head a major 
U.S. rusiness. In 1902 the McCormick 
Harvesting Machine Company joined 
with a number of other companies, in- 


cluding Deering Harvester, to become 
the International Harvester Company. 


McCormick’s first reaper incorporated princi- 
ples that were basic in all grain-cutting ma- 
chines that followed it, but he continued to 
make improvements. 


This new company in the field of agri- 
cultural machinery was headed by Mc- 
Cormick’s son Cyrus, Jr. 


McMILLAN, EDWIN MATTISON 
(1907— ) 


The work of the U.S. physicist Edwin 
Mattison McMillan contributed to a new 
understanding of the structure of matter 
and to the discovery of antimatter. He 
developed a theory that made possible 
the construction of high-energy accele- 
rators, and he was also the codiscoverer 
of two transuranium elements, neptunium 
and plutonium. For his work on trans- 
uranium elements he shared the 1951 
Nobel Prize in chemistry with Glenn 
Seaborg. (See Glenn Theodore Seaborg. ) 

McMillan, whose father was a physi- 
cian, was born at Redondo Beach, Cali- 
fornia, and studied at the California Insti- 
tute of Technology, Pasadena, and at 
Princeton University, from which he re- 
ceived his doctorate in 1932. He then 
became a National Research Council 
fellow at the University of California at 
Berkeley, where in 1935 he joined the 
physics faculty and began working on 
cyclotrons. During World War II he in- 
terrupted his career at the university to 
work on radar and sonar and was also 
involved with the development of the 
atomic bomb, working at Los Alamos, 
New Mexico. In 1946 he was appointed a 
full professor at the University of Cali- 
fornia, becoming associate director of its 
radiation laboratory in 1954 and director 
in 1958. 

Working with Philip H. Abelson, in 
1940 McMillan discovered the element 
corresponding to atomic number 93, the 
first transuranium element, neptunium. 
This quickly led to the discovery of plu- 
tonium, the transuranium element cor- 
responding to atomic number 94. The 
work with transuranium elements was 
then carried on and extended by Seaborg. 

McMillan's greatest contribution to 
high-energy physics was his advancement 
of the theory of phase stability and the 
subsequent development of the syncho- 
tron, a cyclotron capable of compensating 
for the increase in the mass of particles 
traveling at high velocity. This resulted 
in an increase in the energy that could 
be given to charged particles and made 
possible the discovery of antimatter. 

The 1963 Atoms for Peace Award was 
presented to McMillan for his develop- 
ment of the theory that led to syncho- 
trons. He shared the award with the 
Soviet scientist Vladimir I. Veksler, who 
had made a similar discovery at approxi- 
mately the same time. McMillan was 
elected to the National Academy of Sci- 
ences in 1947. 


MALPIGHI 


MALPIGHI, MARCELLO (1628-1694) 


Through his work in microscopy the 
Italian anatomist Marcello Malpighi be- 
came known as the founder of micro- 
scopic anatomy. Galileo had recently 
started using the telescope for astronomi- 
cal observations and had thus literally 
found a whole universe waiting to be dis- 
covered; all he had to do was to point his 
telescope each evening on a new section 
of the celestial sphere. Malpighi did the 
same with the microscope: he turned it 
on the biological world, about which al- 
most nothing was known, and so became 
a trailblazer in comparative anatomy, 
histology, embryology, and plant anatomy. 

Malpighi was born at Crevalcore, 
Emilia, Italy, the eldest of eight children. 
Having early lost his parents, he had to 
face considerable financial difficulties; 


Marcello 
Malpighi 


One of the best accounts of the development 
of the chick was that given by Marcello Mal- 
pighi in Observationes de ovo incubato, which 
was included in his Anatomia platarum (1672). 
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nevertheless, he received an excellent ed- 
ucation as a child and then enrolled at 
the University of Bologna, where he 
graduated in medicine in 1653 and began 
teaching three years later. 

His early fame led the Grand Duke of 
Tuscany to invite him in 1656 to Pisa, 
Galileo’s native city and at that time the 
center of experimental studies and the 
seat of the famous Academy of Sciences. 
It was a highly suitable environment for 
Malpighi’s research. In 1659, however, 
he left the faculty of theoretical medicine 
at Pisa and returned to Bologna, and in 
1662 he moved to Messina. 

Embittered by his opponents’ repeated 
attacks, Malpighi went back to Bologna 
in 1666, passing the next twenty-five 
years in his villa at Cortivella dedicated 
to study and to family life. His marriage 
to the sister of a beloved teacher was 
happy, though there were no children 
and despite the fact that the disputes 
with his adversaries had moved from a 
scientific to a personal level, At Bologna 
he met the future Pope Innocent XII, 
then but a legate, who valued not only 
Malpighi’s outstanding ability in the 
diagnostic and therapeutic fields but also 
his moral qualities. When he became 
pope, Innocent XII invited the great 
scientist to be his official physician. Mal- 
pighi’s health was already poor, and he 
accepted the position reluctantly, since 
it meant he had to leave the city that he 
still loved despite the wrongs and the 
pain he had endured there. He had lived 
in the city of Rome but three years when 
he died. 

Among the greatest of Malpighi’s many 
experiments was his determination, in 
1660-1661, of the structure of the lung. 
Until that time the nature of even such 
an easily analyzed organ as the lung was 
completely unknown. Malpighi examined 
it under the microscope, however, and 
noted that it was formed of membranous 
cavities filled with air and that the blood 
flowed through a network of vessels over 
the lung. These observations led him to 
the discovery of the capillaries, which 
had been the missing link in William Har- 
veys theory of blood circulation ad- 
vanced a generation earlier. 

Having observed the circulation of 
blood, Malpighi then turned his attention 
to the study of blood itself, On examining 
it under the microscope, he found that it 
contained strange bodies, which at first 
he thought were clots of coagulated blood 
and then fat particles, These were actu- 
ally red blood corpuscles, but at the 


time he did not know their significance. 

Malpighi also investigated other parts 
of the human body closely under the 
microscope. He discovered papillae at 
the back of the tongue and correctly as- 
sumed that they were of vital importance 
to the sense of taste; he proved that a 
sheath of connective tissue, which today 
is called the Malpighian capsule, encloses 
the blood vessels entering the spleen; he 
discovered in the spleen the lymph nodes 
now known as the Malpighian follicles; 
he brought to light the structure of the 
kidneys, describing their Malpighian cor- 
puscles and surrounding capsule; and he 
revealed the germinative layer of the skin 
—where the regenerative cells develop— 
also called the Malpighian layer. 

In the course of his studies of animal 
microscopic anatomy, Malpighi investi- 
gated the formation of chicken embryos, 
described the respiratory vessels of in- 
sects (the Malpighian tubules), and 
wrote the first full account of the struc- 
ture of an insect. He also devoted much 
of his time to the study of plants. One of 
his first discoveries was that vegetable 
tissue, as the Englishman Robert Hooke 
had also realized, is composed of many 
small sacs lying close to one another, 
which Malpighi called utricles. 

In his research Malpighi used quite 
simple microscopes, some of which are 
preserved in London, where he was held 
in high esteem by his English colleagues 
of the Royal Society. Many of his more 
important writings were published in 
the society’s papers. 


MANN. See Gell-Mann, Murray. 


MANNUCCI, TEOBALDO. See Manuzio, 
Aldo. 


MANUTIUS, ALDUS. See Manuzio, Aldo. 


MANUZIO, ALDO (1449-1515) 


The fifteenth century was an auspi- 
cious time for the invention and spread of 
printing in Europe. There existed a ready 
market for books among the university 
students and the members of the rising 
middle class, for reading was no longer 
a clerical monopoly; there were means 
for marketing the books; and there was 
an abundant supply of paper. Printing 
was invented in 1440 in Germany and 
from there spread to, among other places, 
Italy in 1464. The first texts, generally 
treating questions of religion or chivalry, 
did not find favor with the bibliophiles, 
who preferred their illuminated manu- 
scripts; but the Italian scholar Aldo 
Manuzio decided that the press could be 
valuable not only as a means of cultural 
diffusion but also as an aesthetic pleasure 


Aldo Manuzio 


in itself and so became a master printer 
and founder of the world-famous Aldine 
Press. 

Manuzio was born at Bassiano, Valletri, 
Italy. He studied first at Rome with a 
tutor and then with the most able masters 
of the time. In 1471 he moved to Ferrara, 
where he taught in the public schools 
until he was offered the post of private 
tutor to Alberto and Lionello, the sons 
of the Prince of Carpi. For their use 
Manuzio wrote a Latin grammar and a 
little book in Greek, After eight years in 
the Carpi household, he abandoned his 
comforts and security in order to go to 
Venice to fulfill his ambition in book- 
making, 

Manuzio’s press was established in 
about 1490, and Manuzio set to work 
with a will to put his ideas into practice, 
He not only gathered together expert 
compositors but also, having once col- 
lected the texts he intended to publish, 
submitted his copy to critical revision, 
His first-published scholarly texts helped 
him enter the circle of Venetian scholars 
and made his name known to other print- 
ers. Together with some of his friends he 
founded an academy in order to produce 
accurate translations of the Greek classics. 
Manuzio was not so learned as some of 
the academicians, but he made use of 
them to publish the best possible texts. 
It was the first instance of collaboration 
between intellectuals and publishers. 

He had close ties of friendship with 
another publisher, Andrea Torresani di 
Asola, with whom he began publishing, 
at first intermittently, later regularly, un- 
til the arrangement became a sort of 
family company. In 1505 he married his 
partners daughter Maria, and they had 
five children. The printing house went 
through alternate periods of prosperity 
and crisis, caused both by commercial 
problems and political events. Among the 
latter was the war waged against Venice 
by the League of Cambrai, which forced 
Manuzio to flee with his family—to Fer- 
rara in 1509 and to Ravenna in 1512. He 
then returned to Venice and took up his 
activities again until his death three years 
later. 

In Manuzio’s workshop Johann Guten- 


berg’s primitive printing became a noble 
art, and the innovations introduced by 
Manuzio contributed to the spread of the 
printed word. In considering his tremen- 
dous output it is important to remember 
not only the works he printed, of which 
he himself published three catalogs, but 
also bis original writings, for the most 
par! erudite studies: Latin poetry, some 
fine ‘-anslations, a collection of letters, 


ani good many interesting prefaces 
to jus texts. 

j a technical standpoint Manuzio’s 
pre: contained three principal innova- 
tion ‘he introduction of the Aldine, or 
cui type, which is the inclined type 
deri. 4 from handwriting and now known 
as ii. ‘c; the octavo size, which is easily 
har { and does not require a reading 
des! and innovations in methods of 
bin . His editions—extremely refined in 
the of both the text and illustrations, 
as as in the paper, inks, and binding 

distinguished by his colophon, 
th chor and dolphin, which he took 
fro the reverse of an ancient Roman 
co)’ of Emperor Titus. He was so well 
kno vn abroad, especially in France, that 
in 02, in order to combat plagiarism, 
he » yuested from the Venetian Senate 
anv ‘ope Alexander VI special privileges 
th ive protection similar to that af- 
fo later by copyright. 

` \uzio’s work did not come to an 
en vith his death, being continued by 
his vothers-in-law, a son, and a grand- 
son The son, Paolo, took over the direc- 
tio the press in 1533; and in 1540, in 
pre st against the poor quality of some 
of © editions, he separated from his 
une. In 1561 he was invited by the 
po; to transfer his printing activities to 
Ro The grandson, who was named 
after his grandfather and is remembered 


as Aldo Manuzio the Younger, was the 
last director, from 1561 to 1584, of the 
Aldine Press. Altogether the three gen- 
erations published approximately 1,000 
editions. 


MARCONI, GUGLIELMO (1874-1937) 


Unlike many versatile great scientists, 
the Italian Guglielmo Marconi dedicated 
himself entirely to radiotelegraphy, which 
he followed and directed in all phases of 
its development. For his great invention 
he shared the 1908 Nobel Prize in physics 
with the German physicist Karl F. Braun. 
(See Karl Ferdinand Braun.) 

Marconi was born in Bologna, Italy, 
the son of an Italian country gentleman 
and his Irish wife. He was educated at 
home by tutors and at the technical school 
in Leghorn, where he studied physics, 
including electromagnetic wave tech- 
nique. In 1894 the family settled on their 


country estate at Pontecchio, and Mar- 
coni started experiments based on the 
recently published works of Heinrich R. 
Hertz. 

It was the age of telegraphy. The 
oceans were crossed by cables that made 
it possible to send news from one con- 
tinent to another, and special techniques 
had been developed for their construc- 
tion and for the sending and receiving of 
signals. The cables required care, how- 
ever, and there was always the danger 
that they might be tampered with or ac- 
cidently put out of commission. 

The possibility of transmitting energy 
or signals over long distances fascinated 
many scientists. The idea of wireless teleg- 
raphy had led to research on systems of 
optical telegraphy. A new idea occurred 
to Marconi: the possibility of using elec- 
tromagnetic waves. Physicists had shown 
that they behave like luminous waves, 
and Marconi decided to utilize them to 
construct a system similar to that of the 
optical telegraph. There were consider- 
able difficulties, however. If electromag- 
netic waves traveled in a straight line, 
the obstacles that lay in their path be- 
tween the transmitting stations would 
have to be overcome, as well as the cur- 
vature of the Earth itself. It was also 
necessary to discover how to modulate 
the signals to be transmitted. 

As a first step in his development of 
wireless telegraphy, Marconi decided to 
repeat the experiments of his forerunners, 
but outside the laboratory, and proceeded 
to build a number of oscillators and de- 
tectors. His first experiment, conducted 
in the spring of 1895, in which he tried 
to receive the waves from a distance of a 
few hundred yards, was a success and 
showed that Hertzian waves could be 
transmitted from a distance, though it 
was not yet known whether they could 
overcome natural obstacles, This was 
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MARCONI 


demonstrated, however, by a second ex- 
periment, in which the waves were re- 
ceived on the far side of a hill. 

Marconi was then able to lay the foun- 
dations for the development of wireless 
telegraphy; however, before it could be 
turned into a practical system, he had to 
make the world realize the importance 
of his discovery and to find somebody to 
finance the enterprise. Discouraged by 
the attitude of the Italian government, 
he went to England, where he received 
the support of William Preece, the en- 
gineer-in-chief of the post office, who 
had himself invented a short-distance 
transmission system. In 1896 Marconi 
was granted the first patent for wireless 
telegraphy and soon thereafter succeeded 
in sending signals across greater and 
greater distances—up to four miles on 
Salisbury Plain and to nearly nine miles 
across the Bristol Channel; in 1899, mes- 
sages were being sent at distances up to 
seventy-five miles. Meanwhile, in 1897, 
he had founded in London the Wireless 
Telegraph and Signal Company, Limited, 
which was changed in 1900 to Marconi’s 
Wireless Telegraph Company, Limited, 
and later developed worldwide affilia- 
tions. 

There were still some serious misgiv- 
ings, however, about what effect the 
Earth’s curvature might have on the 
transmission of radio signals. To prove 
that the radio waves would follow the 
curve of the Earth instead of radiating 
straight outward, Marconi made prepara- 
tions to send radio signals from Poldhu 
in Cornwall, England, to Saint John’s, 
Newfoundland, and succeeded on De- 
cember 12, 1901, which marks the date of 
the invention of radio. 

Other devices invented by Marconi for 
the improvement of communications in- 
cluded the magnetic detector, in 1902; 
the horizontal directional aerial, in 1905; 
and the timed-spark system for generat- 
ing continuous waves, in 1912. Four years 
later he began experimenting with short- 
waves to create a beam system for war- 
time use. He continued with this research 
after the war, too; and in 1923, aboard 
the yacht Elettra, he carried out a series 
of shortwave transmissions, thereby help- 
ing develop shortwave wireless communi- 
cation, which today forms the basis of 
nearly all long-distance radio communi- 
cation. 

Marconi was the recipient of many 
honors. In addition to the Nobel Prize, 
he was awarded the Albert Medal of the 
Royal Society of Arts and the Franklin 
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and John Fritz medals of the United 
States (1909); appointed an honorary 
Grand Cross of the Victorian Order 
(1914); made a delegate to the Paris 
Peace Conference (1919); created a mar- 
chese and appointed to the Italian Senate 
(1929); and elected president of the 
Royal Italian Academy (1930). On his 
death he was given a state funeral by 
the Italian government. 


MARTIN, ARCHER JOHN PORTER 
(1910- ) 

The British biochemist Archer Martin 
helped design an important analytical 
tool that found wide application in bio- 
chemical research. Along with Richard 
Synge he devised a technique known as 
partition chromatography and shared with 
him the 1952 Nobel Prize in chemistry. 
(See Richard Laurence Millington Synge.) 

Partition chromatography was devel- 
oped as a method for studying protein 
molecules. It accomplished the partition 
of a substance between two liquids by a 
very simple technique: an amino acid 
solution was allowed to dry on porous 
filter paper; this was then dipped into a 
solvent, which crept up the paper by 
capillary action; when the creeping sol- 
vent passed the dried solution, the vari- 
ous amino acids would creep up with 
the solvent at varying rates, depending 
on their solubility, and thus in the end 
be separated. By this process Martin was 
able to isolate the various amino acids in 
a protein substance and measure their 
amounts. Partition chromatography was 
later used to discover the order in which 
amino acids occur in insulin, to test the 
purity of antibiotics and other pharma- 
ceutical products, and, coupled with iso- 
topic tracers, to analyze photosynthesis 
and metabolism. In 1953 Martin also 
developed gas chromatography for sep- 
arating gases. 

Martin was born in London, England, 
and educated at Cambridge University. 
After receiving his doctorate in 1936, he 
worked for two more years at the Dunn 
Nutritional Laboratory, where he had 
been doing research on vitamin E since 
1933, From 1938 to 1946 he studied the 
felting of wool at the Wool Industries 
Research Association and then became 
head of the biochemistry division of the 
research department of Boots Pure Drug 
Company. In 1948 he joined the staff of 
the Medical Research Council, working 
at the Lister Institute and later at the 
National Institute for Medical Research. 
He was elected a fellow of the Royal 


Society in 1950 and became director of 
the Abbotsbury Laboratories, Limited, in 
1959. 


MAURY, MATTHEW FONTAINE 
(1806-1873) 


The researches of Matthew Fontaine 
Maury, U.S. naval officer and hydrog- 
rapher, resulted in lasting benefits to 
navigation and meteorology. He received 
international recognition for teaching 
ship captains how to shorten ocean voy- 
ages by taking advantage of the currents. 

Maury was born in Spotsylvania County, 
Virginia, He entered the navy as a mid- 
shipman in 1825 and during a four-year 
cruise circumnavigated the world on the 
Vincennes. A stagecoach accident in 1839 
left him lame and unqualified for active 
duty; and two years later he was placed 
in charge of the Depot of Charts and In- 
struments, which developed into the U.S. 
Naval Observatory and Hydrographic 
Office. 

Maury sought to obtain information 
about the winds and currents by having 
captains of vessels make entries in spe- 
cially prepared logbooks that he had dis- 
tributed to them. This pointed out the 
necessity for combined action on the part 
of maritime nations in regard to ocean 
meteorology. In 1853 he initiated an in- 
ternational congress at Brussels, Belgium, 
at which a worldwide system of record 
keeping was approved. With the accumu- 
lation of data that followed the congress, 
he was able to revise wind and current 
charts for the Atlantic and Pacific oceans 
and to draw one for the Indian Ocean. 

When the American Civil War erupted 
in 1861, Maury, who had been elevated 
to the rank of commander in 1855, sided 
with his native South and was put in 
charge of its coast, harbor, and river de- 
fenses. He invented an electric torpedo 
for harbor defense and went on missions 
to England for supplies. After the war he 
went into voluntary exile in Mexico. As 
imperial commissioner of immigration for 
Emperor Maximilian, he attempted to 
found a Virginia colony in Mexico; but 
the idea was abandoned in 1866, and 
Maury settled in England. While there 
he was presented with a testimonial 
raised by public subscription and was 
awarded a doctorate of laws by Cam- 
bridge University. In 1868 he returned 
to the United States and accepted the 
professorship of meteorology at the Vir- 
ginia Military Institute. Maury was also 
acclaimed for his advocacy of the trans- 
atlantic cable, and it was he who gave 
the Gulf Stream the classical description 
“river in the ocean.” 

Among his published works are Trea- 
tise on Navigation (1836), Wind and 


Current Chart of the North Atlantic 
(1847), Letters on the American and At- 
lantic Slopes of South America (1853), 
Letter Concerning Lanes for Steamers 
Crossing the Atlantic (1855), Physical 
Geography of the Sea (1855), Physical 
Geography (1864), Manual of Geography 
(1871), and papers that he contributed 
to the Astronomical Observations of the 
U.S. Naval Observatory. 

Maury Hall at the U.S. Naval Academy 
at Annapolis, Maryland, is named in his 
honor. He was elected to the Hall of 
Fame for Great Americans in 1930. 


MAXWELL, JAMES CLERK (1831-1879) 


In his relatively short lifetime the Scot 
tish physicist James Clerk Maxwell m 
a number of valuable contributior 
such scientific studies as astronom 
theoretical physics. His greatest achieve 
ment, however, was the translation ol 
Michael Faradays work on magneti 
lines of force into mathematical form 
thereby creating the electromagnetic 
theory. 

Maxwell’s research on electromag 
tism took place from 1864 to 1873; 
his famous published work on the + 
ject, Treatise on Electricity and 4 
netism, appeared in the latter year 
explain Faraday’s notions of the field 
lines of force, Maxwell devised a sys 
incorporating what he called ether, : 
imaginary medium, through which ai 
electric and magnetic waves were prop: 
gated; and to express the continuous n 


From 1860 to 1865 James Maxwell taught phy 
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onomy at King’s College, London. 


the rings of Satum and concluded that 
they are not solid but are composed of 
myriads of small particles, giving the ap- 
pearance of a solid and continuous band. 
His paper on Saturn’s rings won him the 
Adams Prize in 1859. 

Another of Maxwell’s major scientific 
contributions was his development of the 
kinetic theory of gases. He developed a 
model, incorporating the idea of elastic- 
ity, that made it possible to quantitatively 
account for the diffusion, viscosity, and 
heat conduction of a gas. Maxwell be- 
lieved that gas molecules move not only 
in all directions but also at different 
speeds, Despite certain flaws in his model, 
he obtained the correct results; and his 
laws concerning the kinetic theory of 
gases have held true to the present day. 

Maxwell was born in Edinburgh, Scot- 
land, to a distinguished family. Early in 
his life he exhibited a talent for scientific 
pursuits, which eamed him the nickname 
“Daffy” among his classmates. At age 
fifteen he wrote a paper on a method of 
producing perfect oval curves, which was 
read to the Royal Society of Edinburgh; 
and at age eighteen he submitted two 
papers to the Royal Society: one on the 
subject of rolling curves, the other on 
the equilibrium of elastic solids. He was 
educated at the University of Edinburgh 
and at Trinity College, Cambridge, grad- 
uating with high honors from the latter 
in 1854, Two years later he was appointed 
professor of natural philosophy at Maris- 
chal College, Aberdeen, and in 1860 he 
became professor of physics and astron- 
omy at King’s College, London. Then in 
1865 he retired to his estate in Scotland 
and carried out his research there; but 
in 1871 he returned to the academic 
world as the first professor of experimen- 
tal physics at Cambridge, where he re- 
mained for the rest of his life. While 
there he supervised the construction of 
the famous Cavendish Laboratory and 
edited and published the works of Henry 
Cavendish on the subject of electricity. 
Among Maxwell's best-known published 
works are the two textbooks Theory of 
Heat (1871) and Matter and Motion 


(1876). 


MAYER, MARIA GOEPPERT (1906- ) 


The German-U.S. nuclear physicist 
Maria Goeppert Mayer added greatly to 
knowledge of atomic nuclei. Her work 
on nuclear shell structure earned her the 
1963 Nobel Prize in physics, which she 
shared with Johannes Jensen and Eugene 
Wigner. (See Johannes Hans Daniel 
Jensen; Eugene Paul Wigner.) 

In 1947 Mayer observed that some 
nuclei were more stable and richer in 
isotopes than others. These nuclei had a 


MAYO 


particular number of neutrons and a cor- 
responding number of protons. To ex- 
plain the differences in nuclei she pro- 
posed that nuclei are made up of protons 
and neutrons in orbits, or shells, similar 
to the electron orbits of the outer atom. 
A major characteristic of the model she 
suggested was the strong coupling of the 
spin of the nucleon to the angular mo- 
mentum of its orbit. Jensen reached a 
similar conclusion independently at about 
the same time. At the beginning of her 
career Mayer's work included the calcu- 
lation of absorption spectra of organic 
molecules and the separation of isotopes 
by chemical means. 

Maria Goeppert was born at Kattowitz, 
Germany (now part of Poland), a de- 
scendant of a long line of university pro- 
fessors. In 1930 she obtained her doctor- 
ate from the University of Gottingen, 
where her father was professor of pedia- 
trics. Following her graduation she mar- 
ried Joseph Mayer, a U.S. chemical physi- 
cist, and went with him to Johns Hopkins 
University, Baltimore, Maryland, becom- 
ing a US. citizen in 1933, In 1939 she 
joined the faculty of Columbia Univer- 
sity, where she worked on the separation 
of uranium isotopes; in 1945 she went to 
the University of Chicago's Institute for 
Nuclear Studies; and in 1960 she was ap- 
pointed professor of physics at the Uni- 
versity of California, San Diego. 

She became a member of the U.S. 
National Academy of Sciences in 1956. 
With her husband she wrote Statistical 
Mechanics (1940); with Jensen, Elemen- 
tary Theory of Nuclear Shell Structure 
(1955). 


MAYO FAMILY 

Several members of the Mayo family 
were distinguished U.S. physicians and 
surgeons. Their name is especially known 
for the clinic that they founded in Ro- 
chester, Minnesota. 

William Worrall Mayo (1819-1911) 
was born near Manchester, England, and 
emigrated to the United States in 1845. 
He received medical degrees from Indi- 
ana Medical College in 1850 and the Uni- 
versity of Missouri in 1854. After prac- 
ticing in Lafayette, Indiana, he moved 
to Rochester, Minnesota, in 1863. When 
Saint Marys Hospital opened there in 
1889, he and his two sons were asked 
to head the medical staff. After he re- 
tired, his two sons carried on the work. 

William James Mayo (1861-1939), the 
older son, was born at Le Sueur, Min- 
nesota, and received his medical degree 
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Charles H. and William J. Mayo 


in 1883 from the University of Michigan 
before entering practice with his father. 
Charles Horace Mayo (1865-1939), the 
younger son, was born in Rochester, Min- 
nesota, and joined the practice of his fa- 
ther and brother after graduating from 
the Chicago Medical College in 1889. 

The Mayo medical team became well 
known and began to attract patients from 
all over the United States. Well read and 
well traveled, the Mayos introduced the 
latest medical and surgical techniques 
into their hospital. William James be- 
came a specialist in surgery of the stom- 
ach, while Charles Horace developed 
new procedures in goiter surgery and in 
neurosurgery. 

By the turn of the century the Mayos 
saw the need to expand their medical 
facilities and decided to set up a coopera- 
tive medical practice in a clinic of their 
own. They invited a number of associ- 
ates to join them, hired medical assist- 
ants, and in 1914 opened the Mayo Clinic. 
It was an immediate success, and another 


Visitors to the Mayo Medical Museum in Roch- 
ester, Minnesota, learn about the structure and 
functions of the human body and the efforts 
being made to combat disease. 


building was added in 1928. Today it is 
still one of the largest and best known 
private clinics in the world, a voluntary 
association of hundreds of physicians and 
specialists, 

The Mayos made a great deal of money 
in their work—more than they needed or 
wanted, Even before they started their 
clinic, the three began making plans to 
put the money to beneficial use. They in- 
vested it, setting up a special trust fund, 
and in 1915, with $1.5 million, established 
the Mayo Foundation for Medical Edu- 
cation Research. When the foundation 
became affiliated with the University of 
Minnesota Graduate School two years 
later, the school assumed control of the 
money. The Mayo brothers retired in 
1928 and 1930, respectively; but to ensure 
that their clinic would continue to oper- 
ate after their death, they organized the 
Mayo Properties Association (later the 
Mayo Association ), a charitable and edu- 
cational corporation that would be self- 
perpetuating, to control all clinic proper- 
ties and funds and assume sole ownership. 

Charles Horace’s son Charles William 
Mayo (1898-1968) was also a surgeon. 
In addition, he served on the Board of 
Governors of the Mayo Clinic, on the 
Board of Regents of the University of 
Minnesota, and as chairman of the Mayo 
Association. 


MECHNIKOV, ILYA ILICH (1845-1916) 


For his accomplishments in the field 
of immunity the Russian biologist Ilya 
Mechnikov shared the 1908 Nobel Prize 
in physiology or medicine with Paul 
Ehrlich. Mechnikov was the first scientist 
to emphasize the importance of white 
blood cells in fighting infection, and by 
1892 his views were firmly established. 
(See Paul Ehrlich.) 

In experiments with simple transparent 
invertebrates, Mechnikov observed wan- 
dering cells in the mesoderm, which is 
the equivalent of mammalian connective 
tissue, and noticed that when a foreign 
body, such as a wooden splinter, pene- 
trated the animal’s ectoderm, the wan- 
dering cells surrounded it. He applied 
these findings to studies of higher ani- 
mals and discovered that the leukocytes, 
or white cells, in their blood correspond 
to the wandering cells in the lower forms 
and that they digest bacteria. Recogniz- 
ing their importance as defenses against 
infection, Mechnikov named them phago- 
cytes, or “eating cells.” Although others 
before him had observed leukocytes while 
examining inflammations, it was Mechni- 
kov who emphasized their role as phago- 
cytes. 

Mechnikov was a native of Ivanoka, 
Kharkov, in the Ukraine, where his father 


Ilya Mechnikov 


was an officer of the Imperial Guard. 
age seventeen Mechnikov entered Kha 
kov University but went to Germany tw« 
years later for advanced study. Upon | 
return to Russia in 1867, he became 
lecturer in Saint Petersburg (now L 
grad) and later at Odessa. In 1870 
was appointed professor of zoology a 
comparative anatomy at Odessa; b 
wishing to devote his time to researc! 
he resigned in 1882 and went to Me 
Italy, where he began his studies of 
nature of microbes. In 1888, at the ins 
tation of Louis Pasteur, he joined t 
Pasteur Institute in Paris, France, and 
worked there for the rest of his life, suc 
ceeding Pasteur as director in 189: 
Publications by Mechnikov includ 
The Comparative Pathology of Inf 
mation (1892), Immunity in Inji 
Diseases (1901), and The Nature of 
(1903). He was awarded the 
Medal of the Royal Society in 1906. 
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MEDAWAR, PETER BRIAN (1915 ) 


For proving that acquired immunolo; 
cal tolerance can be produced in the lai 
oratory, Peter Brian Medawar, Britis 
biologist, was one of the co-winners o 
the 1960 Nobel Prize in physiology or 
medicine. He shared it with Frank Mac- 
farlane Burnet, who had provided the 
concept behind the experiments by Med 
awar and his associates. (See Sir Fran} 
Macfarlane Burnet.) 

Medawar's group showed that inocu 
lating fetal mice with living cells from a 
future donor made them tolerant to skin 
grafts from the donor in later life. Burnet 
had predicted this outcome, theorizing 
that in some way during embryonic life, 
cells learn to distinguish between their 
own tissue substances and foreign sub- 
stances. Thus, if substances that would 
be antigenic to an adult were injected 
during embryonic life, they should in- 
hibit the development of an antibody 
response. It was hoped that Medawar's 
work would help solve the problem of 
grafting foreign tissues and that it would 
deeply influence the study of immunity 
in general. Later, Medawar and his as- 
sociates demonstrated that the substances 
that excite transplantation immunity can 
be extracted from cells. 


Medawar was born in Rio de Janeiro, 


Brazil, of ritish parentage, and educated 
at Magdalen College, Oxford University, 
England, ‘yom which he graduated in 
1939 and ceived his doctorate in 1948. 
During World War II he devised a solu- 
tion, ma. basically of fibrinogen (the 


blood-cl; 14 protein in blood plasma), 


for hold nerve grafts and reuniting 
severed es. In 1947 he was appointed 
Mason 1 ssor of Zoology at the Uni- 
versity € rmingham, in 1951 he became 
Jodrel! -ssor of Zoology and Com- 
parative tomy at University College, 
London | in 1962 he was named di- 
rector 0 : National Institute for Med- 
ical Re h in London. 

Meda publications include The 
Unique f the Individual (1957) and 
Reith ! es on the Future of Man 
(1960) vas elected a fellow of the 
Royal Se ty of London in 1949 and re- 
ceived yyal Medal in 1959. 

MEITNE SE (1878-1968) 

The | r work of Austrian-Swedish 
physicis e Meitner in nuclear physics 
was in ntal in bringing about the 
general id control of nuclear power. 
She and nephew and colleague Otto 
Frisch the first scientists to identify 
and co define nuclear fission. 

Meit lawyer’s daughter, was born 
in Viens Austria. She entered the Uni- 
versity ienna in 1901 and received 
her dox e in 1906. The following year 
she wen! to Berlin, Germany, where she 
attende e lectures of the great physi- 
cist Max “ianck, also serving as his assist- 


ant for a time, and worked with the phys- 
ical chemist Otto Hahn. In 1913 she 
became a member of the Kaiser Wilhelm 
Institute for Chemistry, being made head 
of its physics section and joint director 
with Hahn four years later, and in 1926 
was appointed extraordinary professor 
of physics at the University of Berlin. 
When Nazi Germany invaded her native 
Austria in 1938, she fled to Sweden, where 
she resumed her research, first at the No- 
bel Institute for Physics in Stockholm and 
later at the Atomic Energy Association. 
She visited the United States following 
World War II but retumed to Sweden, 
where she became a citizen in 1949. In 
1960 she retired to Cambridge, England. 

During their thirty-year collaboration 
Meitner and Hahn identified a new ele- 
ment, protactinium, as well as other ra- 
dioactive substances. Their work with 
neutrons began in 1932 at the Kaiser Wil- 
helm Institute, and a few years later they 
were conducting experiments on the ef- 
fect of neutron bombardment on ura- 
nium. When Meitner left Germany, Hahn 
continued these experiments with Fritz 


Lise Meitner 


Strassmann and soon reported the pro- 
duction of much lighter elements, in- 
cluding barium. On hearing this, Meitner 
and Frisch concluded that the isotope of 
barium resulted from a process that they 
named nuclear fission and that the un- 
stable uranium nucleus had split up after 
bombardment, forming the nuclei of the 
isotopes of barium and other elements. 

Meitner belonged to many scientific 
academies and received important pro- 
fessional honors. In 1955 she was elected 
to the Royal Society and in 1960 to the 
American Academy of Arts and Sciences. 
She received the Enrico Fermi Award 
jointly with Hahn and Strassmann in 
1960. 


MENDEL, GREGOR JOHANN 
(1822-1884) 

A man whose work became one of the 
greatest single influences on modern bi- 
ology was the Austrian priest and bota- 
nist Gregor Johann Mendel. His world- 
renowned research on peas, conducted in 
a monastery garden, formed the very ba- 
sis of genetic science and modern theories 
of heredity. Like Darwin's theory of 
evolution, Mendel’s laws of inheritance 
revolutionized the study of biology. 

He was born Johann Mendel to peasant 
parents at Heinzendorf, Austrian Silesia 
(now Czechoslovakia). After studying 


In his experiments on the transmission of char- 
acteristics in the pea plant, Gregor Mendel 
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for two years at the Philosophical Insti- 
tute at Olmiitz, he ran out of funds and 
in 1843 joined the Augustinian order at 
Brünn (now Brno, Czechoslovakia ), tak- 
ing the name Gregor. In 1847 he was or- 
dained a priest. 

Since it was the practice at the time 
for the Augustinians to supply the local 
schools with teachers, in 1849 Mendel 
was made a deputy teacher of Greek and 
mathematics in a high school at what was 
then Znaim. In 1851 the order sent him 
to the University of Vienna, where he 
studied biology, chemistry, mathematics, 
and physics until 1853. Although he made 
several attempts, he was never able to 
pass the teachers qualifying examina- 
tion, probably because of a basic fear of 
tests. In 1854 he became a teacher of 
natural science at the technical high 
school in Briinn and kept this position 
until 1868, when he was elected abbot of 
the monastery. 

Mendel's great experiment with garden 
peas was conducted over a period of eight 
years, beginning in 1857. To be sure of 
the parentage of the new plants, he was 
careful to self-pollinate the parent plants. 
He made observations of seven separate 
characteristics and noted that dwarf pea 
seeds produced dwarf pea plants, that 
seeds from tall plants produced a mixture 
of dwarf and tall plants, and that the 
ratio of tall plants to dwarf plants was 
three to one. When he crossed purebred 
tall plants with dwarf plants, the result- 
ing hybrid plants were all tall; and when 
these, in turn, were self-pollinated, the 
next generation of plants was one-fourth 
purebred dwarf plants, one-fourth pure- 
bred tall plants, and one-half hybrids. 


took precise care in studying the green and 
yellow seeds and their resulting combinations. 
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From these experiments Mendel con- 
ceived the idea of dominant and recessive 
characteristics, tall being dominant, and 
dwarf recessive. 

Fortunately, he was interested in math- 
ematics, as well as botany, and theorized 
that characteristics were transmitted in 
paired units, one unit from the male and 
one unit from the female. These units are 
now known as genes. He symbolized the 
paired units as AA (pure, dominant), aa 
(pure, recessive), and Aa (hybrid). Fur- 
ther, and perhaps most importantly, he 
worked out the statistical laws by which 
the units, or genes, combine. 


Gregor Mendel 


In studying the seven different charac- 
teristics in the pea plants, such as color, 
height, and seed shape, Mendel found 
that each characteristic was passed on to 
the next generation independently of the 
other characteristics and that the various 
characteristics in the parent plants re- 
combined randomly in the new plants. 
From all of these observations he formu- 
lated two great laws—the law of segrega- 
tion and the law of independent assort- 
ment of characteristics. 

Anxious for other scientists to follow 
up on his work, Mendel, at meetings of 
the Briinn Natural Science Society in 
1865, read papers describing his experi- 
ments and theories. These were published 
in the society's transactions the following 
year but aroused little or no interest. 
Mendel also contacted a prominent bot- 
anist at the University of Munich, but he, 
too, was something less than enthusiastic 
and suggested that Mendel try his ex- 
periments on hawkweeds. Because of 
their reproductive peculiarities, however, 
these were unsuitable for Mendel’s type 
of research and presented him with insur- 
mountable problems. 

After becoming an abbot, Mendel had 
less time for scientific pursuits. In addi- 
tion to his administrative duties, he was 
involved in a contest with the Austrian 
government over the issue of taxation on 


religious institutions. Disappointed and 
disillusioned by the coolness of the scien- 
tific community toward his work, Mendel 
died without even suspecting the impact 
that his important discoveries would have 
on the world of science in the twentieth 


century. 


MENDELEEFF, DMITRY IVANOVICH 
(1834-1907) 


The nineteenth-century Russian chem- 
ist Dmitry Mendeleeff tabulated, accord- 
ing to their atomic weights, all the chem- 
ical elements then known. This periodic 
table of the elements unified a tremen- 
dous amount of information and pointed 
the way to new discoveries. Several chem- 
ists had recognized numerical sequences 
among the atomic weights of some ele- 
ments and had noted other relationships, 
but Mendeleeff worked out a system that 
not only classified the elements but also 
gave rise to the generalization known as 
the periodic law, which could be relied 
upon to predict undiscovered facts. 

Mendeleeff was born at Tobolsk, Si- 
beria, the son of the local high-school 
principal. He took teacher's training at 
the Pedagogical Institute in Saint Peters- 
burg (now Leningrad) and later studied 
chemistry, graduating in 1856. After pur- 
suing further learning in France and 
Germany, he returned to Saint Peters- 
burg, where he became professor of 
chemistry at the Technological Institute 
in 1863 and professor of general chem- 
istry at the University of Saint Petersburg 
in 1866. Following a dispute with the ad- 
ministration, however, he resigned the 
professorship in 1890, and three years 
later became director of the Bureau of 
Weights and Measures, an office he held 
for the rest of his life. 

Preparing to write his great textbook 
The Principles of Chemistry, which he 
produced between 1868 and 1870—the 
English edition did not appear until 1905 
—Mendeleeff sought a system of classify- 
ing the sixty-three elements then known. 
This led to his formulation of the periodic 
law, which was presented orally to the 
Russian Chemical Society in 1868 and 
published the following year. It was 
translated into German at once and thus 
came quickly to the attention of scholars 
in western Europe. Mendeleeff showed 
that if the elements are arranged in order 
of their atomic weights, chemically re- 
lated elements appear at regular inter- 
vals. Gaps in his table enabled him to 
predict the existence of three elements 
then still unknown and to ascribe definite 
properties to them and their compounds. 
Within fifteen years the elements gallium, 
scandium, and germanium were discov- 
ered, bearing out his predictions. Men- 


Dmitry Mendeleeff 


deleeff also questioned the assigne: 
atomic weights of certain elements tha 
deviated from the periodic law and was 
subsequently proved correct. 

His other researches included the in 
vestigation of the thermal expansion o! 
liquids, which led him to the discover 
that there is a critical point at whic! 
liquid and vapor become indistinguish 
able. He also made studies of petroleum 
even going to the United States to study 
the Pennsylvania oil fields in order t 
better advise Russia on its development 
of the ones in Caucasia. 

Mendeleeff was elected a foreign mem- 
ber of the Royal Society in 1890. Earlier 
in 1882, he had won its Davy Medal, and 
in 1905 he received its Copley Medal. A 
element (number 101) discovered i 
1955 was named mendelevium in re 
ognition of his contributions to chemistr 


METCHNIKOFF, ÉLIE. 
See Mechnikov, Ilya Ilich. 


MEYERHOF, OTTO FRITZ (1884-1951) 


The work of the German-America) 
physiologist Otto Meyerhof was impor 
tant to the understanding of the metabo- 
lism of muscle cells. He established the 
relationship between the consumption of 
oxygen and the production of lactic acid 
in muscles, and for this he was awarded 
the 1922 Nobel Prize in physiology or 
medicine, which he shared with A. V. 
Hill. (See Archibald Vivian Hill.) 

Originally, Meyerhof was interested in 
psychology and psychiatry; however, 
meeting the biologist Otto H. Warburg 
inspired him to turn his attention to phys- 
iology. His early research was on the 
mechanism of cellular oxidation, and later 
he became especially interested in the 
metabolism of muscle cells. He discov- 
ered that glycogen breaks down to form 
lactic acid in muscles and that when 
these are at rest, some of the lactic acid is 
oxidized, making it possible for most of 
the lactic acid to be reconverted to 
glycogen. 

Meyerhof was born in Hanover, Ger- 
many, and studied at the universities of 
Berlin, Freiburg, Strasbourg, and Heidel- 
berg, receiving his medical degree in 
1909 from the last-named institution. In 


1918 he became professor at the Univer- 
y of Kiel and in 1924 joined the staff of 
he Kaiser Wilhelm Institute for Biology 
Dahlem-Berlin, remaining there until 
}25, when he was appointed director of 
Kaiser Wilhelm Institute for Medical 
search at Heidelberg. Because of the 
p ltical situation, he was forced to leave 
{many in 1938 and continue his work 
aris. Two years later, when Hitler's 
ies invaded France, Meyerhof fled 
i\e United States, where he obtained 
sition at the University of Pennsyl- 
a as research professor in the De- 
ment of Physiological Chemistry. He 
ime a U.S. citizen in 1948. 


HELSON, ALBERT ABRAHAM 
2-1931) 


ew men can claim to have contrib- 
| to the progress of science with the 
ntion of a single instrument and to 
e effected with it more measurements 
most other scientists put together. 
h a man, however, was the U.S. physi- 
Albert A. Michelson, who with his 
vrferometer made a number of experi- 
its that contributed significantly to the 
gress of physics. For his spectroscopic 
| metrological studies he was awarded 
1907 Nobel Prize in physics, the first 
erican so honored. 
le was born at Strelno, Prussia, to a 
ng Jewish couple. Two years later 
family emigrated to the United 
tes, settling first in New York City, 
n in California, and finally in Nevada. 
chelson graduated from the U.S. Naval 
idemy, Annapolis, Maryland, in 1873 
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and taught physics and chemistry there 
from 1875 to 1879. After a year at the 
Nautical Almanac office, Washington, 
D.C., he went to Europe for two years 
and studied in Berlin and Heidelberg and 
at the Collége de France and the Ecole 
Polytechnique in Paris. On his return to 
the United States he was named profes- 
sor of physics at the Case School of Ap- 
plied Science, Cleveland, Ohio; in 1889 
he joined the faculty of Clark University, 
Worcester, Massachusetts; and in 1892 
he became professor and the first head 
of the Department of Physics at the Uni- 
versity of Chicago, where he stayed until 
his retirement, having been appointed its 
first Distinguished Service Professor in 
1925. 

It was during his years at Annapolis 
that Michelson developed the interest in 
optics that was to focus his attention and 
his research activities for the rest of his 
life on two fundamental points: the de- 
termination of the speed of light and the 
study of optical interference. While in 
Paris, France, he conceived the idea of 
the interferometer for discovering the ef- 
fect of the Earth’s motion on the velocity 
of light. The principle of the instrument 
was to split a beam of light in two; make 
the two halves travel at right angles to 
each other, one in the direction of the 
Earth’s motion, and the other at right 
angles to it; and then bring the two halves 
back together again. Since it was believed 
that the Earth traveled through ether, 
which was motionless, it was assumed 
that the beam sent in the direction of the 
Earth’s motion would travel more rapidly 
than the one sent at right angles to it. 
The two beams ought, therefore, to fall 
out of phase and show interference 
fringes; and by measuring the width of 
these, it would be possible to find the 
Earth's exact velocity when compared 
with ether. Michelson’s first experiment 
with the interferometer, which took place 
in Hermann von Helmholtz’ laboratory in 
Berlin in 1881, failed to show any inter- 
ference rings, nor did the famous one he 
conducted with Edward Morley in 1887. 
Instead, evidence was presented that 
light travels at a constant speed in all in- 
ertial systems of reference. 

Using the interferometer, however, Mi- 
chelson was able to measure the width of 
heavenly bodies, notably that of the large 
satellites of Jupiter and, in 1920, that 
of the giant star Betelgeuse. His other 
achievements included the standardiza- 
tion of the meter in terms of the wave- 
length of cadmium, and near perfect cal- 
culations of the velocity of light. 

Michelson received many awards, 
among them the Rumford and Copley 
medals of the Royal Society, to which he 
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had been elected in 1902, and the Grand 
Prix at the 1900 Paris Exposition. In 1970 
he was elected to the Hall of Fame for 
Great Americans. His publications in- 
clude Velocity of Light (1902), Light 
Waves and Their Uses (1899; 1903), and 
Studies in Optics (1927). 


MILLIKAN, ROBERT ANDREWS 
(1868-1953) 

In his autobiography the U.S. physicist 
Robert A. Millikan, recipient of the 1923 
Nobel Prize in physics, emphasizes how 
the most important decisions of his whole 
life were determined by a series of chance 
circumstances. He was born in Morrison, 
Illinois, the son of a Congregational min- 
ister of Anglo-Scottish origin, and spent 
his childhood in Maquoketa, Iowa. After 
his schooling there, he studied Greek and 
mathematics at Oberlin College in Ohio 


Robert Millikan 


and was offered a temporary post as a 
physics teacher. Although he was not well 
versed in this field, he accepted the post 
because the salary was high and his 
Greek teacher urged him on, with the 
argument that a good Greek scholar could 
certainly teach physics as well. 

Before starting his year’s teaching, he 
spent the summer studying the new sub- 
ject. He was surprised to discover that 
“physics teaches itself’ and decided then 
and there to dedicate himself to the new 
discipline. After teaching for three years, 
he enrolled in the physics faculty at Co- 
lumbia University, where he continued 
his studies in order to obtain a degree. 
He was helped by Ogden Rood, a pro- 
fessor who not only befriended him but 
also assisted him in his research on the 
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polarization of the light emitted by an 
incandescent body. It resulted in such an 
outstanding thesis that it later was 
awarded a prize. 

Millikan obtained his degree in 1895, 
but because of the small number of posts 
available he was unable to get a perma- 
nent appointment at Columbia Univer- 
sity. Persuaded by a professor there, he 
set out for Germany, where he attended 
the universities of Berlin and Göttingen. 
There were many distinguished teachers 
of physics in Europe at the time, and 
Millikan managed to attend many of their 
courses, though almost penniless, by trav- 
eling from city to city on a bicycle. 

One day he received a telegram from 
Professor Albert Michelson—with whom 
he had studied in Chicago in 1894—invit- 
ing him to work as his laboratory assist- 
ant, a unique and coveted opportunity. 
His first years at Chicago (1896-1908) 
were spent on research to determine the 
charge carried by an electron, on his 
courses, and on the preparation of text- 
books. He was busy developing a new 
and improved teaching method based 
chiefly on research and laboratory ex- 
periments, in which he made the students 
take part directly, first as assistants and 
then as collaborators. 

Millikan found an imaginative solution 
to the problem of measuring the electro- 
static charge of the smallest particle then 
imaginable: the electron. He built an ex- 
tremely complicated apparatus by means 
of which drops of oil nebulized with a 
common spray could be kept in motion- 
less suspension in the air and then dis- 
placed by being charged with one 
electron at a time. Today the same mea- 
surement can be undertaken with an in- 
strument that can be built cheaply by a 
student, but at that time the apparatus 
constructed by Millikan was a master- 
piece of ingenuity and a complete novelty 
as far as existing techniques in atomic 
physics were concerned. 

His next contribution was the measur- 
ing of the energy contained in a light 
quantum, by means of the photoelectric 
effect produced. Millikan was able to 
demonstrate the validity of the effect 
theory formulated by Albert Einstein, as 
well as measure the value of Max Planck’s 
famous constant. It was these fundamen- 
tal studies that first brought Millikan 
fame. 

He became increasingly involved in his 
physics research, which was concerned 
with ever vaster problems: the study of 

the valence of atoms in the ionization of 


gases, the determination of the limits of 
the spectrum of ultraviolet radiation, the 
properties shown by various elements in 
the absorption of x-rays, the tension 
needed to set off an electric discharge in 
a high vacuum depending on the surface 
nature of the discharge electrodes, the 
Brownian movement, and rocket pro- 
pulsion. His friendship with the astro- 
physicist George E. Hale led him to un- 
dertake spectroscopic studies. During 
World War I he also studied systems of 
defensive and offensive weapons for the 
U.S. Navy and Air Force. 

In 1921, after twenty-five years of 
friendly but independent collaboration 
with Michelson, Millikan left the chair 
at Chicago to accept the directorship of 
the physics laboratory at the California 
Institute of Technology, Pasadena. This 
change of research surroundings en- 
couraged him to study cosmic rays, a 
field in which he became a leading world 
expert. To study their intensity and pow- 
ers of penetration, he organized expedi- 
tions to the Bolivian Andes, India, and 
Tasmania. 

Among his many awards and honors 
was the 1913 Comstock Prize of the Na- 
tional Academy of Sciences. From 1922 
to 1932 he represented the United States 
on the League of Nations Committee for 
Intellectual Cooperation. He also served 
as chairman of the Board of Directors of 
the Huntington Library and Art Gallery, 
San Marino, California. 


MINOT, GEORGE RICHARDS 
(1885-1950) 


In untreated pernicious anemia the 
red blood corpuscle count declines pro- 
gressively until the patient dies. For in- 
troducing liver diet to control pernicious 
anemia, George Richards Minot, a U.S. 
physician, shared the 1934 Nobel Prize in 
physiology or medicine with his colleague 
W. P. Murphy and G. H. Whipple, who 
had discovered that liver stimulates blood 
production. (See William Parry Murphy; 
George Hoyt Whipple.) 

While still a medical student, Minot 
developed an interest in blood disorders. 
He became convinced that pernicious 
anemia might be a dietary deficiency dis- 
ease resulting from the lack of a vitamin. 
Because the ailment always was marked 
by an absence of hydrochloric acid in the 
stomach secretions, Minot thought that 
maybe some vitamin was being absorbed 
in insufficient amounts as a result of 
digestive malfunction. Whipple’s findings 
about liver led Minot to think that cer- 
tain kinds of foods might give favorable 
results in pernicious anemia. He decided 
to try liver, and in 1924 he and Murphy 
began feeding patients up to a half 


pound of liver daily. The highly success- 
ful results were reported in a paper pub- 
lished in 1926. 

After establishing the success of lis 
therapy, Minot and his associates cont 
ued studies of anemia and nutritional d 
turbances, demonstrating the effectis 
ness of certain liver fractions, of wh: 
vitamin Bs is now known to be the acti: 
ingredient. Minot had been right abo 
vitamin deficiency’s being at the root 
pernicious anemia: stomach secret 
fails, and vitamin By» ceases to be assi 
ilated. The daily half pound of liver or 
inally prescribed by Minot and Mur 
usually contained enough vitamin B, 
force the assimilation of the necess 
daily millionth of a gram despite the 
sence of the stomach factor. 

Minot, the son and grandson of phy: 
cians, was born in Boston, Massachusett 
and studied medicine at Harvard Unive 
sity, graduating in 1912. After further i 
struction at Johns Hopkins Hospital, Bal 
timore, Maryland, he returned to Boston 
to serve on the staff of the Massachusetts 
General Hospital. In 1928, after serving 
at the Huntington Memorial and Pet 
Bent Brigham hospitals, he was 
pointed professor of medicine at Har 
and director of the world-renow 
Thorndike Memorial Laboratory at 13 
ton City Hospital. 

Minot developed severe diabetes in 
1921, the same year in which the hor- 
mone insulin was isolated by Sir Freder- 
ick G. Banting and Charles H. Best. Thei 
achievement made possible the first spe 
cific treatment of diabetes, and Mino 
was among the first patients in Boston to 
benefit. 


MITCHELL, MARIA (1818-1889) 


The first woman admitted to member- 
ship in the American Academy of Arts 
and Sciences was Maria Mitchell, a 
mainly self-taught nineteenth-century as- 
tronomer. The recognition followed her 
discovery of a new comet in 1847, 

She was born in Nantucket, Massachu- 
setts, the daughter of an amateur astron- 
omer, whom she assisted in mathematical 
calculations, A librarian in Nantucket for 
twenty years, she used her leisure time 
for reading, as well as for astronomical 
observations. From 1865 until her retire- 
ment in 1888, she served as professor of 
astronomy and director of the observa- 
tory at Vassar College, Poughkeepsie, 
New York. 

Widely honored, she was awarded a 
gold medal by the king of Denmark for 
her discovery of a telescopic comet and 
in 1850 was elected a member of the 
American Association for the Advance- 
ment of Science. After her death a Maria 


Mitchell chair in astronomy was endowed 
assar, and in 1905 she was elected to 
the {all of Fame for Great Americans. 


MO!- SAN, FERDINAND FRÉDÉRIC HENRI 
(186-1907) 
F isolating the element fluorine the 


Fre chemist Ferdinand Moissan won 
the 5 Nobel Prize in chemistry. He is 
kni ılso for inventing an electric fur- 
na it enabled him to prepare many 
un von metals. 

nber of chemists had tried to iso- 
lat irine; but all had failed, and some 
had. en suffered poisoning. When Mois- 
san ided to undertake the quest, he 
use pparatus made of platinum, one of 
the materials reasonably impervious 
to sion from fluorine. After trying 
sex ariations of technique, he passed 
an tric current through a solution of 
pot m fluoride in hydrofluoric acid 
anc lled the solution to 50°C to re- 
du w activity of fluorine and thus, in 
184 llated the pale yellow gas that 


wa rine, most active of all the ele- 


significant in Moissan’s career was 
his lication of high temperatures ob- 


ta with the electric furnace that he 
hi eloped in 1892. In his furnace 
M ı prepared samples of such metals 
as bdenum, tantalum, vanadium, and 
ur ı long before modern metallurgy 
m hem available commercially. He 
als erimented with carbon in an at- 
ter ) make artificial diamonds, but 
the ‘smperatures and pressures then 
ava’ sble precluded success. 


nd Moissan's electric furnace made it 

to prepare—in a purity never before 
ved—many uncommon elements, such as 
tantalum, vanadium, and uranium. 


Moissan was born in Paris, At age 
eighteen he was apprenticed to an apoth- 
ecary, but two years later he returned to 
his studies in order to follow his deep in- 
terest in chemistry and in 1879 qualified 
as a professional pharmacist. Soon after 
winning international recognition for his 


Ferdinand 
Moissan 


work, he was appointed professor of 
pharmacy at the Paris School of Phar- 
macy and in 1900 was made professor of 
inorganic chemistry at the University of 
Paris. 

Moissan received many honors. Among 
them was election to the Royal Society in 
1905. 


MONET. See Lamarck, Chevalier de. 


MONGE, GASPARD (1746-1818) 


Modern methods of mechanical draw- 
ing are due largely to the work of the 
French mathematician Gaspard Monge. 
He developed descriptive geometry, a 
practical method of applying geometry 
to the construction arts. 

It was a gun emplacement problem on 
which he was working that led to descrip- 
tive geometry. When the practical value 
of this mathematical method was recog- 
nized, it was carefully guarded for many 
years as a military secret. His other work 
in geometry, combining synthetic and an- 
alytical methods, led to the advancement 
of projective, analytical, and differential 
geometry. He also applied calculus to 
curves and discovered the curves of cur- 
vature of a surface. 

Monge was born at Beaune, Côte d'Or, 
France. He was educated at the colleges 
of the Oratorians at Beaune and Lyons; 
and by the time he was sixteen years of 
age, he was teaching physics at the latter 
place. 

While back in Beaune on a visit he 
drew up a unique plan of the town and 
presented it to the local authorities as a 
gift. It was exhibited in the town library, 
where it was noticed by an officer of 
engineers, who thereupon recommended 
Monge for a position at an aristocratic 
military academy at Méziéres. After 


MONIZ 


working as a draftsman and studying at 
the practical school affiliated with the 
academy, Monge was appointed profes- 
sor of mathematics at the academy in 
1768 and professor of physics in 1771. 
He became professor of hydraulics at the 
Lyceum in Paris in 1780. 

A friend of Napoleon, he was ap- 
pointed minister of the navy in 1792 and 
carried out operational research on the 
problem of transporting materials for the 
construction of fortifications to defend 
the republic. For his efforts on this proj- 
ect he was rewarded with the title of 
count of Péluse. He also helped establish 
the Ecole Polytechnique and in 1795 was 
appointed its director. When Napoleon 
fell from power, however, and the Bour- 
bons were restored as the rulers of 
France, Monge was deprived of all his 
honors, including his title, and died a 
poor man. 


MONIZ, ANTONIO CAETANO DE ABREU 
FREIRE EGAS (1874-1955) 


In recognition of his pioneer work in 
brain surgery the Portuguese neurosur- 
geon Antonio Egas Moniz was awarded 
a share of the 1949 Nobel Prize in physi- 
ology or medicine. Walter R. Hess, a 
Swiss physiologist, was the co-winner. 
(See Walter Rudolf Hess.) 

Moniz developed an operation to re- 
lieve certain severe mental diseases by 
prefrontal leucotomy, also known as pre- 
frontal lobotomy. This procedure in- 
volved removing cores of white matter 
in each frontal lobe (where higher cere- 
bral activity is seated) and transecting 
the nerves connecting the frontal lobes 
to the deeper structures of the brain. 
Generally, Moniz and his colleague Al- 
meida Lima had good results with the 
operation, which had a tranquilizing ef- 
fect on the patients. The operation 
opened a new line of attack on intracta- 
ble forms of mental illness, but the ad- 
vent of psychotropic, or tranquilizing, 
drugs largely eliminated the need for 
such action. 

In 1927 Moniz made a lasting contri- 
bution to diagnosis of intracranial afflic- 
tions with his introduction of cerebral 
angiography—a method of visualizing the 
blood vessels of the brain by injecting 
substances opaque to x-rays and follow- 
ing with an x-ray examination. This 
method was also applied successfully to 
the study of other organs and to the di- 
agnosis of vascular disease and tumors 
in other parts of the body. 

Moniz was born at Avanca, Portugal, 
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MONOD 


and received his medical degree from the 
University of Coimbra in 1899, After 
teaching there for several years, he spe- 
cialized in neurology, studying in France, 
at Bordeaux and Paris. In 1902 he be- 
came professor at Coimbra and in 1911 
was appointed to the new chair of neurol- 
ogy at Lisbon, holding that position until 
1945. 

Meanwhile, Moniz took an active part 
in Portuguese politics. Between 1903 and 
1917 he served several times in the Cham- 
ber of Deputies. He was named minister 
to Spain in 1917 and minister of foreign 
affairs in 1918, leading the Portuguese 
delegation at the Paris Peace Conference 
(1918-1919). 


MONOD, JACQUES (1910- ) 


While professor of metabolic chemistry 
at the Faculté des Sciences in Paris, 
France, Jacques Monod shared the 1965 
Nobel Prize in medicine or physiology 
with Frangois Jacob and André Lwoff. 
The three French biologists worked as a 
team to discover how the activities of 
cells are regulated. (See François Jacob; 
André Lwoff.) 

Monod was bom in Paris and in 1932 
began his laboratory work on the origins 
of life. Granted a scholarship by the 
Rockefeller Foundation, he moved to the 
United States to complete his training 
and received a doctorate in 1941. He 
served as laboratory chief at the Pasteur 
Institute of Paris from 1945 to 1953 and 
then became head of its Department of 
Cellular Biochemistry and also professor 
at the Faculté des Sciences. 

For his bravery during World War II, 
he was given both the French croix de 
guerre and the U.S. Bronze Star. He also 
was made an officer in the French Legion 
of Honor. In 1962 he won the Leopold 
Mayer Prize of the French Academy. 


MONTGOLFIER, JOSEPH-MICHEL 
(1740-1810) 
and JACQUES-ETIENNE (1745-1799) 


After the late fifteenth century, when 
Leonardo da Vinci had built his first 
models of birdlike machines, men per- 
sisted in attempts to build mechanical 
devices that would carry them into the 
air. It had long been thought that the 
hydrostatic principle of Archimedes could 
help man fly, since it had been proved 
that air has weight, that various gases 
are lighter than air, and that a vacuum, 
or absence of air, is much lighter than 
air. There had even been a project to in- 
corporate evacuated copper spheres as 


part of a flying machine. The men re- 
sponsible for man’s first flight, however, 
were two French brothers—one a dreamer, 
the other the staid manager of a small 
firm and a shrewd financial speculator. 
They succeeded with a balloon filled with 
heated air, without even knowing the na- 
ture of the phenomenon that kept them 
airborne. The ascent took place in 1783, 
a full 120 years before the Wright broth- 
ers’ first heavier-than-air flight. The 
achievement of the two Frenchmen 
opened a new era—that of atmospheric 
exploration by means of balloons. 

The maiden flight was followed by 
other successful attempts and, a few years 
later, by the launching of the first bal- 
loons filled with hydrogen—a gas much 
more efficient than heated air. With these 
hydrogen-filled balloons, flights were un- 
dertaken almost to the limits of the strato- 
sphere long before the invention of the 
airplane. Extensive meteorological ex- 
ploration was carried out, and balloon 
flying was cultivated in Europe and 
America for scientific, military, and recre- 
ational purposes. 

The names of the two brothers, Joseph- 
Michel and Jacques-Etienne, are insep- 
arable—not only because they were close 
collaborators but also because their dis- 
similar characters strangely comple- 
mented each other. Joseph, who was im- 
pulsive, had a foolhardy and enthusiastic 
nature, which was offset by the knowl- 
edge and reflective capacity of his 
brother. The two were sons of a paper 
manufacturer at Vidalon-lez-Annonay, 


France, who drew enough income from 
his business to provide generously for his 
nine children. 

Since Joseph was not an outstanding 
pupil, he went to work in his father’s 
paper factory; but this proved unsatisfac- 
tory, and with a brother, Augustin, he 
opened a firm of his own. He soon went 
bankrupt, however, and became a travel- 
ing salesman, This entailed long journeys 
on foot, during which he pondered the 
problems that interested him most. He 
had already invented a kind of flame- 
throwing pump, a machine typical of an 
inventor searching for the most unusual 
devices imaginable; yet the problem that 
had most fascinated him since childhood 
was that of flight. He began to experi- 
ment with balloons, and his progress soon 
aroused the interest of his brother 
Jacques. The two brothers began to col- 
laborate so closely that at a certain point, 
it becomes impossible to distinguish be- 
tween their contributions, 

Jacques was the exact opposite of Jo- 
seph. He was a good student of architec- 
ture but abandoned his studies to join his 
father’s firm. He introduced into France 
the Dutch mill for the refining of cellu- 
lose, and his father’s firm consequently 
became the first in France to produce tis- 
sue paper. 

Joseph’s idea for a heated-air balloon 
was apparently first inspired by a glimpse 
of a shirt hung out to dry above a pan of 
live coals. The shirt swelled and bal- 
looned upward. Joseph decided to make 
a paper balloon and fill it with steam, If 


Montgolfier Brothers 


In 1783 man’s first flight 
took place in a balloon de- 
signed by Joseph-Michel 
and Jacques-Etienne Mont- 
golfier, which was similar 
to this model. Based on 
the heated-air principle, 
this was the first practical 
fire balloon and became 
known as the montgolfier 
after its inventors. 


the balloon rose, he planned to repeat 
the experiment on a larger scale. The 
steam, however, condensed, and the ex- 
nt failed. Undismayed, Joseph 
sontinued to think about the shirt he had 
ved. When the shirt had risen, it 
assumed the shape of a spherical 
yoy, and so he decided to make a 

attempt, this time with spherical 


car pies heated from below. He gradu- 
al» oxtended these canopies until they 
fi l an almost complete sphere. 


he meantime, he tried to send up a 
b n filled with hydrogen, but the ex- 
p ent failed because the gas escaped. 
l couraged, he performed experi- 
me's with paper and taffeta shapes that 
ha, something in common with that of 
tho shirt, Although these strange contri- 
V never actually rose into the air, 
tho- fell very slowly when dropped while 
fi with heated air. 

this stage the brothers collaborated 
a onstructed small balloons that fi- 
nav became airborne. They showed that 
th. ‘eated-air principle worked and de- 


civ to build larger balloons. On June 
15 1753, in the marketplace at Annonay, 
th ° fontgolfier brothers carried out their 
firs; public flying experiment. It was a 


n t excursion, without passengers, 
bw (hey had invited dignitaries for the 
occssion, Their globe of waxed paper, 
al 33 feet in diameter, rose to a height 
of it 1,500 feet, being held up by the 
heared air produced by a fire of straw 
and wool burning on a metal grid sus- 
penzed below the balloon. After being 
airborne for ten minutes, it landed in a 
field on the outskirts of Annonay more 
then 7,500 feet from its starting point. 

Their next step was to try the experi- 
ment with passengers; and on November 
21, 1783, Pilàtre de Rozier, who was a 
or of physics at Metz, and the 
marquis François Laurent d’Arlandes un- 
dertook the first flight on board a mont- 
golfier (the fire balloon had by then been 
named after its inventors ). The flight was 
a dramatic one: a spark flying up from 
the fire ignited the envelope, but De 
Rozier promptly extinguished the flames 
with a wet sponge, The balloon rose from 
Chateau de la Muette, flew southward 
over Paris from the northwest, and 
landed about 5.5 miles from the launch- 
ing site. It had reached an altitude of 
more than 3,000 feet and had stayed aloft 
about twenty-five minutes, displaying 
above the city its blue and gold emblems 
and the signs of the zodiac that encircled 
it. The cloth used for its construction was 
cotton sealed with albumin. 

In June 1785 Pilàtre de Rozier tried to 
fly across the English Channel, but the 
balloon caught fire and he was killed. 


prot 


Subsequently, the Montgolfier brothers 
turned their attention from flying to me- 
chanics and in 1796 invented a hydraulic 
battering ram. Their greatest invention, 
however, remained the montgolfier. Louis 
XVI gave them a monetary prize and re- 
warded Jacques with the Ribbon of Saint 
Michael, and Joseph with a pension. 

One extraordinary aspect of the Mont- 
golfier brothers’ achievement was that 
they never realized that their balloons 
took flight because of the expansion and 
resultant lightness of heated air. They 
thought that the buoyancy of their bal- 
loons was due to the smoke or to some 
mysterious vapor given off by the fire. 
At the time, people still believed in the 
existence of fire as a substance called 
phlogiston. The Montgolfier brothers 
could be said, paradoxically, to have 
flown with phlogiston, a proof that ob- 
servation, imagination, and intuition have 
sometimes outstripped the limits of pure 
scientific research. 


MORGAN, THOMAS HUNT (1866-1945) 


The U.S. biologist Thomas Hunt Mor- 
gan was awarded the 1933 Nobel Prize in 
physiology or medicine for his work in 
genetics, The spur to Morgan’s valuable 
discoveries was his skepticism about the 
reality of genes as actual bodies responsi- 
ble for the transmission of heredity. He 
and his colleagues became the first to link 
specific genes with specific chromosomes. 

Morgan was born at Lexington, Ken- 
tucky, and took his early training in zool- 
ogy there, at the State College of Ken- 
tucky (now the university). He received 
his doctorate in 1890 from Johns Hop- 
kins University, Baltimore, Maryland. 
From 1891 to 1904 he was associate pro- 
fessor of zoology at Bryn Mawr College, 
Bryn Mawr, Pennsylvania, and from 1904 
to 1928 professor of experimental zool- 
ogy at Columbia University, New York 
City. In 1928 he left Columbia to estab- 
lish and direct the Kerckhoff Laborator- 
ies of Biological Sciences at the Califor- 
nia Institute of Technology, Pasadena, 
which became a center of genetic re- 
search, At Pasadena he returned to his 
early interest in experimental embryol- 
ogy and, except for vacations in Woods 
Hole, Massachusetts, remained there for 
the rest of his life. 

During his years at Bryn Mawr, many 
scientists were becoming interested in 
heredity. In 1900 three European investi- 
gators independently rediscovered and 
confirmed the laws of heredity that 
Gregor Mendel had set forth in 1866 
with little publicity. At Columbia Uni- 
versity in 1909, Morgan began his ex- 
perimental work with the tiny and pro- 
lific insect Drosophila, the vinegar fly, 


MORLEY 


commonly known as the fruit fly. Since 
its cells have only four pairs of chromo- 
somes, the problems of inheritance were 
reduced to simple terms; and the first 
chromosome maps for it were being 
drawn two years later. 


Thomas Morgan 


By 1915 Morgan and his students, A. 
H. Sturtevant, H. J. Muller, and C. B. 
Bridges, had proved the reality of genes 
as corporeal elements with specific loca- 
tions in chromosomes of the cell nucleus. 
The collective principles gleaned from 
the group’s experiments came to be 
known as the chromosome theory of he- 
redity or the theory of the gene. 

Morgan was awarded the Darwin and 
Copley medals of the Royal Society, 
which elected him to fellowship in 1919. 
He was president of the National Acad- 
emy of Sciences from 1927 to 1931 and 
of the American Association for the Ad- 
vancement of Science in 1930, as well as 
head of the Sixth International Congress 
of Genetics in 1932. His works include 
Development of the Frogs Egg (1887), 
Heredity and Sex (1913), Mechanism of 
Mendelian Heredity (1915), The Phys- 
ical Basis of Heredity (1919), Evolution 
and Genetics (1925), and Embryology 
and Genetics (1933). 


MORLEY, EDWARD WILLIAMS 
(1838-1923) 


The U.S. chemist and physicist Edward 
Morley conducted research and won fame 
in important areas of physics and chem- 
istry alike, With Albert A. Michelson he 
carried out the Michelson-Morley physics 
experiment on ether drift and the velocity 
of light. As a chemist he is most noted 
for determining the weights of hydrogen 
and oxygen and the ratio in which they 
combine. 

Morley was born in Newark, New 
Jersey. He began his adult life with the 
intention of becoming a minister; and 
after graduating from Williams College 
in Massachusetts in 1860, he studied at 
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MORSE 


the Andover Theological Seminary to 
prepare for the Congregational ministry. 
While waiting for a church position, how- 
ever, he began studying chemistry and 
in 1868 was offered a professorship at 
Western Reserve University, Cleveland, 
Ohio. Still a devout man, he accepted the 
professorship on the condition that he 
could preach in the university chapel. 
He remained at Western Reserve until 
he retired as professor emeritus in 1906. 

In their famous experiment in 1887 
Michelson and Morley attempted to mea- 
sure the relative velocity of the Earth 
and the effect this might have on the 
speed of light. They failed to find any in- 
fluence of the Earth's motion on the speed 
of light, and the negative results of their 
experiment actually formed the basis for 
Einstein’s theory of relativity. 

During the 1870s Morley began his 
work on hydrogen and oxygen and in 
1895 succeeded in determining the densi- 
ties of the two elements. He was also a 
talented inventor of laboratory apparatus, 
devising a eudimeter and differential 
manometers and aiding Michelson with 
the development of the interferometer 
used in the Michelson-Morley experi- 
ment. 


MORSE, SAMUEL FINLEY BREESE 
(1791-1872) 


Scattered in various private collections 
and museums are more than 300 paint- 
ings by the U.S. artist-scientist Samuel 


Morse, whose name, however, is linked 
primarily with the invention of the elec- 
tric telegraph and of the codified alpha- 
bet transmitted by the apparatus. Today 
there are machines that can do extremely 
complicated calculations and think out 
these calculations in a language similar 
to the one that Morse invented for the 
long-distance transmission of his mes- 
sages with an electric apparatus. Al- 
though it is now relatively simple to in- 
vent these machine languages, more than 
150 years ago the invention of the first 
such machine was an exceptional under- 
taking. Moreover, there was the difficulty 
of proving the usefulness of an apparatus 
that could transmit man’s thoughts over 
long distances. 

Morse was born in Charlestown, Mas- 
sachusetts, to a family with long-estab- 
lished Puritan traditions. His father, Jedi- 
diah, was an impulsive and eccentric man, 
who combined his pastoral duties with a 
passion for geography; and his mother, 
Elizabeth Ann Breese, was a woman 
gifted with wisdom and intelligence. Of 
their eleven children, only three sur- 
vived, one of whom was Samuel. At age 
fourteen, after studying in his native 
town and then at Phillips Academy, An- 
dover, he went to Yale University, where 
he started to take a definite interest in 
the two subjects that were to dominate 
his life: painting and electricity. The sec- 
ond attracted him greatly but only as an 
object of study; perhaps he did not wish 
to embark on a career that at that time 
offered no great possibilities of practical 
application. On the other hand, where art 
was concerned, he felt confident: he 


By means of a code of dots and dashes— 


which now bears his name—sent over a simple 


electrical apparatus, Samuel Morse, on Jan- 


uary 24, 1838, at New York University, trans- 
mitted the first telegraphic message: “Calling 
the Universe!” 


knew how to handle brush and pencil 
and so decided to take up an artistic 
career. 

In 1811 he accompanied his friend and 
teacher Washington Allston to England, 
where he studied with Benjamin West, 
a famous American painter who lived in 
London and who gave a warm welcome 
to his young compatriot. Morse must 
have benefited from his teaching because 
on October 13 of that year he was 
awarded the gold medal of the Arts So- 
ciety for his work The Dying Hercules. 
After his final studies in 1815, he felt 
ready to begin working independently 
and therefore returned to his own country 
to start his career. He traveled from city 
to city looking for people who wanted 
their portraits painted, usually for a mod- 
est sum. Apparently while his brush was 
moving over the canvas, his mind was 
free to think, because during this same 
period he invented a pressure pump that 
could be used for fire-fighting purposes. 

His travels finally took him to Boston, 
where he fell in love with Lucy Walker, 
whom he married within a few weeks. 
They settled at first in Charlestown and 
then in New Haven, Connecticut. The 
following years were the bitterest of his 
life because, although he worked indefa- 
tigably, he was unable to provide ade- 
quately for his wife and three children 
and frequently had to spend long periods 
away from them. 

Finally success came when he was 
commissioned to paint the portrait of his 
first famous client, the marquis Lafayette; 
but it actually came too late: before he 
could return home, his beloved wife died 
of a heart disease. His success grew daily, 
and he was much in demand as a portrait 
painter. He gave lectures; founded the 
National Academy of Design, becoming 
its first president; and, with John William 
Draper, introduced the Daguerre process 
to the United States. 

In 1829 he returned to Europe; and 
after visiting the most famous museums, 
where he drew inspiration from the mas- 
ters, he settled in Paris and became one 
of the most active members of the Ameri- 
can artists’ colony there. One day when 
he was in the company of friends, the 
conversation turned to the subject of 
communications. Somebody stressed the 
need for some rapid means of sending 
messages, and Morse immediately sug- 
gested: “Why not electricity? It travels 
faster than sound.” 

At that time the horse provided practi- 
cally the fastest means of communica- 
tion. It therefore took weeks if not months 
for news to reach Moscow from Paris. 
Clearly, the need for swifter means of 
communication was strongly felt in a 
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ray ty evolving world on the eve of the 
Ind trial Revolution, when consump- 
tio’ production, and trade were steadily 
inc ing. 

remark, thrown out during a 
cas conversation with friends, ob- 
se the painter as he crossed the At- 
lar board the Sully bound for home. 
Sc en the captain of the ship and the 
pa: “gers were discussing Morse’s ideas 
as gradually took shape. The long- 
dist ce transmission of messages had be- 


co fixation with him, and his sketch- 
bc 10 longer contained portraits and 


di gs of figures and landscapes but 
the rudimentary plans of the telegraph. 
At ‘ome he continued his search for im- 
pro ments, though knowing full well 
the: the development of his idea in a 
con vercially viable form would involve 
a t deal of effort; in fact, he worked 
a twelve years on its realization, At 
firs: uc continued to travel and paint por- 
tr order to raise money, which he 
ne | not only to live but also to carry 
ou experiments. Then he retired to 
Ne ork City, where he lived in a single 
ro researching and experimenting, 
wil hardly a thought for his food and 
cloties. To avoid borrowing money, he 
so all his possessions and lived on a 


bare minimum. The once elegant and 
popular artist had turned into a down-at- 
hee! inventor who was thought mad be- 
cause he had abandoned a brilliant career 
for an impossible dream. 

Finally, on September 2, 1837, he was 
able to show a group of friends his in- 
vention: a 1,377-foot-long telegraph cir- 
cuit. Among those present at this memor- 
able demonstration was Alfred Vail, a 
wealthy foundry owner with great busi- 
ness acumen. He offered to finance the 
commercial launching of Morse’s inven- 
tion, for which he predicted a brilliant 
future, and gave Morse money and work- 
ing space in his foundry so that the in- 
ventor could carry on with his experi- 
ments. Morse accepted and immediately 
filed the patent for his invention. 

On January 24, 1838, he gave a demon- 
stration of his apparatus at New York 
University, transmitting the first message: 
“Calling the Universe!” In February he 
repeated it before the U.S. Congress, but 


it was unenthusiastically received. Since 
the United States seemed unwilling to 
take an interest in the telegraph, he left 
for Europe; but in England two inven- 
tors had already invented something sim- 
ilar, in France he was able to file the 
patent but without any offer of pay- 
ment, and in Russia the czar showed a 
complete lack of interest. 

In the meantime, Morse was not wast- 
ing his time. He knew that having real- 
ized the original plan, it was necessary 
to build an apparatus that could trans- 
mit over greater distances; and he started 
to work on the ideas that would make 
the application of his principle a practi- 
cal possibility, His first idea was that of 
using electric signals; his second, that of 
the code that he invented, which now 
bears his name; and his third, that of a 
relay system to transmit the signal over 
long distances, Because an electric signal 
grows weak if transmitted over a long 
line, Morse decided to use it, before it 
became too attenuated, to actuate a key 
that would send off a new, strengthened 
signal on a fresh stretch of line. On his 
return to the United States, however, 
he was reduced almost to pauperdom, 
and it was not until 1843 that he was 
granted a first appropriation of funds by 
Congress. On May 24, 1844, the first ex- 
perimental line was inaugurated between 
Washington, D.C., and Baltimore, Mary- 
land, over a distance of thirty-five miles. 
One of Morse’s friends chose the sentence 
to be transmitted for the inauguration: 
“What hath God wrought!” 

Contracts were nonetheless slow in ma- 
terializing; moreover, he had to face a 
series of accusations and lawsuits to de- 
fend his own rights. The evidence of the 
captain of the Sully and of the ship's 
passengers on that crossing from Europe 
to the United States many years before 
finally convinced the courts, however; 
and at this rather late stage of his life, 
he was at last able to savor the joys of 
success. He became rich and famous, 
married a second wife, Sarah Griswold, 
received honors from all over the world, 
traveled, and saw the triumph of his in- 
ventions wherever he went—from the 
transatlantic cable telegraph to the uni- 
versal use of his code alphabet. 


MORTON, WILLIAM THOMAS GREEN 
(1819-1868) 

The nineteenth-century U.S. dental sur- 
geon William Morton conducted the first 
public demonstration of the use of ether 
as an anesthetic in surgery. Although he 
was not the first to perform an operation 
with a patient under ether, he was the 
one who made its value known to the 
medical world. 


MORTON 


Morton was a native of Charlton, Mas- 
sachusetts, In 1844, after studying dentis- 
try at Baltimore College of Dental Sur- 
gery in Maryland, he went into dental 
practice in Boston, Massachusetts, con- 
centrating on the improvement of artifi- 
cial teeth and their means of attachment. 
In searching for a way to deaden the pain 
of extraction, he became interested in 
anesthesia through another dentist, Hor- 
ace Wells, who had used nitrous oxide 
gas. Charles T. Jackson, a Boston chemist 
who had already made laboratory experi- 
ments involving inhalation of ether, sug- 
gested its use to Morton and demon- 
strated the method for him. In September 
1846, Morton successfully used ether in 
the extraction of a tooth and the follow- 
ing month publicly administered ether at 
Massachusetts General Hospital while a 
physician removed a tumor from a pa- 
tient’s neck. The success of that demon- 
stration established anesthesia as an es- 
sential part of a surgical operation. 

Morton patented the process in collab- 
oration with Jackson in lieu of the large 
fee that Jackson demanded for his advice 
and Morton could not afford, Jackson, 
however, began a lifelong fight to claim 
the credit for discovering ether anesthesia, 
and similar claims were made by others. 
Because of this ruinous litigation, Morton 
died in poverty. 

A bill introduced into the U.S. Con- 
gress to vote $100,000 for Morton as a 
testimonial of national gratitude failed to 
pass in 1852, 1853, and 1854, In 1920, 
however, Morton was elected to the Hall 
of Fame for Great Americans. 


Anesthesia was established as an essential 
part of a surgical operation when—on October 
16, 1846, at Massachusetts General Hospital 
in Boston—William Morton administered ether 
to a patient who was having a tumor removed. 
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MOSELEY, HENRY GWYN-JEFFREYS 
(1887-1915) 


A battle during World War I claimed 
the life of one of the most promising 
young scientists of the early twentieth 
century, the English physicist Henry 
Moseley. Before his early death he had 
already done significant research on the 
x-ray characteristics of elements, and his 
work had led to important improvements 
in the periodic table. 


Henry Moseley 


Moseley was born at Weymouth, Dor- 
setshire, England, the son of a naturalist 
and professor of anatomy, and grandson 
of a noted mathematician. He received 
his education at Eton and at Trinity Col- 
lege, Oxford, and in 1910 went to the 
University of Manchester, where he first 
lectured in physics and later became a 
research fellow in the laboratory of Sir 
Ernest Rutherford. 

His first research work was on radio- 
activity, but soon he became interested 
in the x-ray spectra of the elements. Fol- 
lowing up on the work of W. H. and 
W. L. Bragg and Max Laue in the area 
of x-ray crystallography, he decided to 
use the x-ray technique for investigating 
the x-ray radiations characteristic of each 
element. He demonstrated experimentally 
that the frequencies of the characteristic 
x-ray emissions in a series of elements 
changed regularly from one element to 
the next. The wavelengths decreased as 
the atomic weight of each element from 
which they were emitted increased. Since 
the regularity of the changes could not 
have been due to the changes in atomic 
weight, Moseley attributed it to the nu- 
clear charge. 

On the basis of this experimental work, 

Moseley introduced the concept of 


atomic number. He modified the periodic 
table, arranging the elements according 
to their atomic number rather than their 
atomic weight. Arranged in this way, 
there was no doubt about the order in 
which the elements followed one another. 
Furthermore, working with his x-ray tech- 
nique, Moseley found it possible to deter- 
mine whether or not there were any un- 
discovered elements and exactly what 
position they should occupy in the peri- 
odic table. In 1914, at the time that he 
published his findings, there were seven 
missing elements between atomic num- 
bers 1 (hydrogen) and 92 (uranium). 

After doing research at Oxford in 1913 
and making a trip to Australia in 1914, 
Moseley enlisted as a lieutenant in the 
Royal Engineers. In June 1915 he was sent 
to Gallipoli and shortly thereafter was 
killed in action. 


MOSSBAUER, RUDOLF LUDWIG 
(1929— ) 


The German physicist Rudolf Ludwig 
Mossbauer received the 1961 Nobel Prize 
in physics for his discovery and 1958 re- 
port of the Méssbauer effect. The award, 
which he shared with Robert Hofstadter, 
recognized his research in recoilless gam- 
ma-ray resonance absorption, in which he 
provided a way to compare, with unprec- 


In his studies of what is now known as the 
Mossbauer effect, or recoilless gamma-ray 
resonance absorption, Rudolf Méssbauer used 
apparatus of his own design. 
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edented precision, the resonant frequen- 
cies, or excitation energies, of atomic 
nuclei. (See Robert Hofstadter. ) 

The Mössbauer effect was applied in 
testing Einstein’s theory that light or 
other electromagnetic radiation is dis- 
torted by gravity. It was also used chemi- 
cally to test the nuclear characteristics 
and valence properties of atoms. 

Mòssbauer, the only son of a phototech- 
nician, was born in Munich and majored 
in physics at the Technische Hochschule 
there, receiving his bachelor's degree in 
1953 and his master’s in 1955. After carn- 
ing his doctorate in 1958 with a thesis 
written while a research assistant at the 
Max Planck Institute of Heidelberg Uni- 
versity, he remained at the Technische 
Hochschule as a research fellow until 
1960, when he was appointed senior re- 
search fellow at the California Institute 
of Technology, Pasadena. He later be- 
came professor of physics there but in 
1964 returned to Munich as professor 
of physics at the Technische Hochschule. 
In 1961, in addition to the Nobel Prize, 
he was granted the Research Corpora- 
tion Award, the Réntgenpreis from the 
University of Giessen, and the Cresson 
Medal of the Franklin Institute. 


MULLER, HERMANN JOSEPH (1890-1967) 


The U.S. geneticist Hermann Muller 
discovered the production of artificial 
mutations of genes by x-rays. For this 
achievement he was awarded the 1946 
Nobel Prize in physiology or medicine. 
As a result of his studies in radiation, 
Muller was one of the first men to warn 
of the dangers in excessive use of medi- 
cal x-rays and to outline the hazards of 
atomic fallout. 

Muller was born in New York City and 
studied at Columbia University, where 
he was a member of a group that worked 
on the genetics of the fruit fly. After re- 
ceiving a doctorate in 1916, he accepted 
a position as instructor of biology at Rice 
Institute, Houston, Texas; in 1918 he re- 
turned to Columbia; and in 1920 he went 
to the University of Texas, where he re- 
mained for twelve years. In 1932 he went 
to Berlin, Germany, on a Guggenheim 
Foundation Fellowship, and in 1933 he 


was invited to join the Institute of Genet- 
ics of the U.S.S.R. Academy of Sciences 
as a senior geneticist. Disappointed with 
Marxism, he left the academy in 1937 
anc əd the Institute of Animal Genet- 
ics of Edinburgh University in Scotland. 


Hermann Müller 


On return to the United States in 
19/0 he spent five years at Amherst Col- 
leg \fassachusetts before joining the 
fac of Indiana University, where he 
be Distinguished Service Professor 
in and professor emeritus in 1964. 


He vas a member of the City of Hope 
Mc | Center in Duarte, California, in 
196- nd visiting professor at the Univer- 
sity Wisconsin the following year. 


ler was elected to the National 
Ac oy of Sciences in 1931, His publi- 


cat include Out of the Night, a Biolo- 
gis iew of the Future (1935) and 
Stu in Genetics (1963). 


MU). ii, JOHANN (1436-1476) 

( of the most advanced astronomers 
ithematicians of his time was Jo- 
haw “Giller, the son of a German miller. 


He »rcpared tables of planetary motion 
anc ocher data that were useful to navi- 
gato» of the fifteenth century, when the 


oyages of exploration began. 
n in Königsberg, Franconia, a duchy 
cclieval Germany, Müller came to 
call himself Johann de Monteregio after 
the name of his birthplace, meaning 
“king's mountain.” Later he was known 
as Regiomontanus, the Latin form. In 
1452 he went to Vienna, Austria, where 
he studied with Georg Purbach and as- 
sisted him in the preparation of a work 
on Ptolemaic astronomy. Purbach’s work 
was completed in 1463 and published in 
Venice in 1496, Miiller spent the years 
between 1462 and 1468 in Rome and 
other cities of Italy, where he met with 
leading astronomers and worked on his 
important De triangulis, which provided 
a systematic basis for the development 
of trigonometry. He returned to Vienna 
in 1468 and from there went to Buda to 
collate Greek manuscripts at the invita- 
tion of the king of Hungary. In 1471 he 
settled in Niimberg, where he was be- 


friended by Bernard Walther, a wealthy 
amateur astronomer who became his stu- 
dent and patron, providing him with an 
observatory and a workshop, in which 
Miiller made improved instruments that 
are described in his Scripta, published 
posthumously in 1544. 

Although Miiller had considerable me- 
chanical ability, he was chiefly a com- 
piler and disseminator of mathematical 
knowledge and introduced to Germany 
the use of Arabic methods in algebra and 
trigonometry. In 1472 he observed a great 
comet and in the same year established a 
printing press in Walther's house. Among 
the works that issued from the press were 
a series of calendars and learned works, 
including one describing a method for 
determining longitude at sea. Miiller’s 
fame spread to the extent that he was 
called to Rome in 1475 to be an adviser 
on the reform of the Julian calendar, but 
he died of the plague the following year. 


MULLER, JOHANNES PETER (1801—1858) 


The German physiologist and anatomist 
Johannes Peter Miiller made many con- 
tributions to medical and biological sci- 
ence through his work in the fields of 
descriptive anatomy, embryology, histol- 
ogy, and comparative anatomy. He was 
one of the first scientists to apply micros- 
copy to pathological studies, and his out- 
standing textbook on physiology pre- 
sented the new experimental approach to 
the subject. He is sometimes referred to 
as the founder of modern physiology. 

One of Miiller’s greatest accomplish- 
ments was the discovery in 1826 of spe- 
cific nerve energies. He found that the 
form of stimulation has nothing to do 
with the sensation recorded and that a 
certain type of nerve will record only 
one sensation; for example, the optic 
nerve will register only the sensation of 
light no matter what type of stimulation 
it receives. He also discovered the prone- 
phric (Müller) ducts in embryos, and 
lymph hearts in frogs; did research on 
the chemistry of the blood and on reflex 
actions; and studied the mechanism of 
the vocal chords and investigated tone 
production in the voice. 

Miiller was born at Coblenz and studied 
medicine at the University of Bonn, grad- 
uating in 1822. Two years later he joined 
the faculty at Bonn as a lecturer and be- 
came an associate professor in 1826 and 
a full professor in 1830. He was appointed 
professor of anatomy and physiology at 
the University of Berlin in 1833, and in 
1840 was elected a foreign member of 
the Royal Society. 

Miiller was a neurotic man and suffered 
several nervous breakdowns. The strain 
of handling student disorders during the 
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Revolution of 1848 had an adverse effect 
upon his health, and there is even some 
evidence that he may have committed 
suicide. 


MULLER, PAUL HERMANN (1899-1965) 


The Swiss chemist Paul Miiller discov- 
ered the insecticidal properties of dichlo- 
rodiphenyltrichloroethane, commonly ab- 
breviated as DDT. For this accomplish- 
ment he was awarded the 1948 Nobel 
Prize in physiology or medicine. 

DDT was first tested in 1939 and found 
to be effective. During World War II it 
was valuable in combating epidemics of 
typhus fever, and after the war it was 
used for agricultural purposes. Although 
its usefulness was eventually limited by 
the growing resistance of the insects, its 
benefits to mankind were of lasting im- 
portance, 

Miiller was born in Olten, Switzerland, 
and attended the University of Basel for 
a time. He left to become a laboratory 
assistant at a private chemical firm but 
returned to school in 1918 and began 
graduate study in chemistry the following 
year. After receiving his doctorate in 
1925, he joined the research department 
of the J. R. Geigy Company in Basel, By 
1930 he had developed two synthetic 
tanning substances, and in 1935 he began 
working on the development of an insec- 
ticide for the control of agricultural pests. 
Four years later, after experimenting 
with hundreds of different substances, 
he discovered DDT, which proved to be 
an ideal weapon against insects. 


MULLIKEN, ROBERT SANDERSON 
(1896- ) 

The winner of the 1966 Nobel Prize in 
chemistry was the U.S. scientist Robert 
S. Mulliken, who had applied principles 
of quantum mechanics to problems as- 
sociated with the atom. “Mr. Molecule,” 
as he was called, was awarded the prize 
for “fundamental work concerning chem- 
ical bonds and the electronic structure of 
molecules by molecular orbital method.” 

Mulliken was born in Newburyport, 
Massachusetts, the son of a professor of 
organic chemistry. He graduated from 
the Massachusetts Institute of Technol- 
ogy in 1917 and received his doctorate 
from the University of Chicago in 1921. 
From 1921 to 1925 he was a National 
Research Council fellow both at Chicago 
and Harvard; and after teaching two 
years at New York University he served 
as associate professor and professor at 
the University of Chicago, 1926-1961, the 
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last five years as the Ernest DeWitt Bur- 
ton Distinguished Service Professor. Dur- 
ing World War II he played a key role 
in atomic bomb research, and after the 
war he served for a time as science at- 
taché to the U.S. embassy in London, 
England. On becoming professor emeritus 
after 1961, he divided his time as Dis- 
tinguished Service Professor of Physics 
and Chemistry at Chicago and as Dis- 
tinguished Service Professor of Chemical 
Physics at Florida State University during 
the winter months. 


Robert Mulliken 


Mulliken was honored with many 
awards. In 1936 he was elected to the Na- 
tional Academy of Sciences; and in 1960 
he received the Gilbert Newton Lewis 
and the Theodore William Richards med- 
als of the American Chemical Society, 
in 1963 the Peter Debye Award, in 1964 
the John G. Kirkwood Medal, and in 
1965 the Willard Gibbs Medal. 


MURPHY, WILLIAM PARRY (1892- ) 


The U.S. physician Willam Parry Mur- 
phy won the 1934 Nobel Prize in medi- 
cine or physiology with G. R. Minot for 
the successful control of pernicious anemia 
by means of a liver diet. Their co-winner 
was G. H. Whipple, who discovered that 
liver stimulates blood production. (See 
George Richards Minot; George Hoyt 
Whipple. ) 

Murphy was born in Stoughton, Wis- 
consin, and received his bachelor’s degree 


William Murphy 


from the University of Oregon in 1914. 
After teaching physics and mathematics 
in Oregon high schools for two years, he 
entered the medical school of Harvard 
University, Cambridge, Massachusetts. 
On graduating in 1920, he served as house 
officer at Rhode Island Hospital in Provi- 
dence, Rhode Island, until 1922, and the 
following year began to practice medi- 
cine in Boston, Massachusetts, Subse- 
quently, he received successive appoint- 
ments as assistant resident, junior associ- 
ate, associate, and senior associate in 
medicine and consultant in hematology 
at the Peter Bent Brigham Hospital there. 
Begining in 1923, he was successively as- 
sistant in medicine, instructor, associate, 
and lecturer at the Harvard University 
Medical School. 

Murphy and Minot began to feed pa- 
tients up to a half pound of liver daily in 
1924 after Whipple’s findings led Minot 
tosuspect that certain foods might achieve 
favorable results in pernicious anemia, a 
fatal disease in which the red blood cor- 
puscle count declines progressively; and 
in 1926 they announced highly favorable 
results. Their discovery and the develop- 
ments that followed changed pernicious 
anemia into an eminently treatable ail- 
ment. Murphy's book Anemia in Practice 
was published in 1939. 


NANSEN, FRIDTJOF (1861-1930) 


High adventure and great accomplish- 
ment characterized the life of Fridtjof 
Nansen—Norwegian explorer, scientist, 
artist, statesman, and humanitarian. His 
scientific work was his chief line of en- 
deavor, though he first gained fame as 
an explorer. In his later years he was ac- 
tive in international relief work, for which 
he received the 1922 Nobel Peace Prize. 

Nansen was born at Store-Fröen near 
Christiania (now Oslo), Norway, and 
studied at the university in Christiania, 
An athlete and an avid hunter and fish- 
erman, he chose to study zoology, which 
would permit him time outdoors. 

His first encounter with Arctic condi- 
tions was on a sealing expedition in 1882 
when a glimpse of Greenland’s ice cap 
fired his ambition to cross it. On August 
16, 1887, Nansen’s expedition of six started 
the crossing—not from the inhabited west 
coast but from the east coast so that they 
would not have the means of retreating 
and would have to press forward. Through 
storms and cold, the party reached the 
highest point of the journey—8,920 feet— 
on September 5 and arrived at the west 
coast at Ameralik Fjord on September 26. 
Wintering at Godthaab gave Nansen the 
opportunity to study Eskimos, an experi- 
ence that resulted in his Eskimoliv (1891; 
English translation, Eskimo Life, 1893). 


The party returned to Norway in May 
1889. 

Soon Nansen set about raising funds 
for another hazardous expedition. Rec- 
ognizing that the ice of the Polar Sea 
drifts from Siberia toward the Arct 
island of Spitsbergen, Nansen propose: 
to build a ship that would be lifted—n 
crushed—when caught in the ice. F 
planned to let the ship freeze in off ea 
ern Siberia and then be carried by t 
currents, With grants from the N 
wegian parliament, king, and priv: 
citizens, Nansen built the Fram (“F< 
ward”), which today is preserved outsi 
Oslo, On June 24, 1893, the Fram sail: 
from Christiania with thirteen men aboa 
and by September 22 was enclosed } 
the ice, bearing the pressure perfect! 
Then began the long drift, which ende 
triumphantly north of Spitsbergen almos 
three years later when the Fram was re 
leased from the ice. 

In March 1895 Nansen left the Fra: 
and, accompanied by F. H. Johansen 
started northward with dogsleds and 
kayaks to explore the uninhabited land 
They were the first ever to reach the lati- 
tude of 86° 13.6’ N. Heading for Franz 
Josef Land, they were hampered by open 
water and severe weather and so built a 
stone hut and settled for the winter, li» 
ing mainly on the meat of polar bear ai 
walrus, On the way to Spitsbergen in | 
following spring, they had the good 
tune to meet the British Arctic explo) 
Frederick Jackson and his party and r 
turned to Norway on his ship, arrivin 
eight days before the Fram and its tri 
mendous collection of scientific dat: 
Nansen’s two-volume account of the e» 
pedition, Fram over Polhavet (Farthes 
North), was published in 1897. 

In 1882 Nansen had been appointed 
curator of zoology at the Bergen Museum 


The ship Fram, which Fridtjof Nansen used on 
some of his Arctic explorations, is today pre- 
served in a museum in Oslo, Norway. 


Fridtjof Nansen 


rote and illustrated many papers 
sical and histological subjects. 
paper “The Structure and Com- 


bir of Histological Elements of the 
Ce Jervous System” (1887), he was 
aw a doctorate degree by Christi- 
ani versity; and on his return from 
the ı expedition he was appointed 
pre in zoology. His interests shifted 
to il oceanography, however, and 
in is status was changed to profes- 
so; anography. From 1896 to 1917 
N levoted most of his time to scien- 
tif He took part in the establish- 


m the International Council for the 
Ex ion of the Sea and made several 


sci cruises, studying conditions in 
th vegian Sea and the northeastern 
At Ocean. His contributions to 
o raphy included the improved de- 
si nstruments and the explanation 
of lriven currents. 

n was active in the separation of 
N from Sweden in 1905 and served 
as ays first minister to England 
fre 16 to 1908, In 1917, during World 
W e headed a Norwegian commis- 
sic he United States for negotiating 
an ment on the importing of essen- 
tia lies, At the first assembly of the 
Le of Nations in 1920, Nansen 
heac:| the Norwegian delegation and 
Was ven the task of repatriating from 
Rus» 1 500,000 prisoners of war who had 
served in the German and Austro-Hun- 


garian armies. Nansen completed the as- 
signment successfully and went on to per- 
form other outstanding international relief 
work, even using his Nobel Prize money 
to that end. 


NAPIER, JOHN (1550-1617) 


The eighth laird of Merchiston and 
prominent Scottish mathematician John 
Napier was the inventor of logarithms. 
He was born at Merchiston Castle near 
Edinburgh, Scotland, and entered the 
University of Saint Andrews at age thir- 
teen. He left without obtaining a degree, 
however, and apparently traveled abroad 
for several years before settling perma- 
nently in Scotland in 1571. A devout 
and outspoken Protestant, Napier was 
involved in a number of bitter quarrels 


with the Church of Rome. His great work 
A Plain Discovery of the Whole Revela- 
tion of Saint John is important in Scottish 
ecclesiastical history, being the first such 
Scottish interpretation of the Scriptures. 

After the appearance of this publica- 
tion, Napier devoted himself to inventing 
secret war weapons, including artillery 
and a chariot from which pellets could 
be shot through small holes. He also was 
interested in mathematics, especially 
methods of making computations less dif- 
ficult, and devised logarithms, his most 
important contribution. These are ex- 
plained in two treatises, one published in 
1614 and another published posthumously 
in 1619, Napier was also the author of 
several books on multiplication, division, 
and spherical trigonometry. 


NATTA, GIULIO (1903- ) 


For his fundamental research on the 
structure of olefin polymers the Italian 
chemist Giulio Natta shared in the 1963 
Nobel Prize in chemistry. The co-winner 
was the German chemist Karl Ziegler. 
(See Karl Ziegler. ) 

Natta, the son of a judge, was born at 
Imperia, near Genoa, Italy. After receiv- 
ing his doctorate in chemical engineering 
from the Polytechnic Institute of Milan 
in 1924, he held successively the chair of 
general chemistry at the University of 
Pavia, physical chemistry at the Univer- 
sity of Rome, and industrial chemistry at 
the Polytechnic Institute of Turin. In 
1938 he returned to the Polytechnic In- 
stitute in Milan as professor of industrial 
chemistry and director of its Industrial 
Chemistry Research Institute. 

Natta began his scientific research in 
1923, applying x-rays to the study of the 
lattice structure of organic and inorganic 
chemical substances. In 1932, to learn 
new techniques in the study of interfer- 


With his colleagues, the Italian chemist Giulio 
Natta performed experiments vital to industrial 
chemistry. 
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ences of electron rays, he went to Frei- 
burg, Germany, where he became ac- 
quainted with macromolecular chemistry 
and started his research on the crystal 
structure of high polymers. (Polymers 
are large chainlike molecules formed by 
combining many small molecules; high 
polymers have high molecular weight.) 
His related studies on catalysis enabled 
him to do original research on the syn- 
thesis of methanol. 

In 1938, when the Italian government 
appointed him to organize research for 
the production of synthetic rubber, Natta 
began to study petrochemical problems. 
His background facilitated his work on 
the production of high polymers from 
petroleum and enabled him to develop 
the processes for obtaining new classes 
of macromolecules from cheap raw ma- 
terials produced by the petroleum in- 
dustry. 

Natta is known best for his discoveries 
made after 1953, when he started his in- 
tensive studies on macromolecular chem- 
istry. Learning about Ziegler’s develop- 
ment of organometallic catalysts for 
polymer formation, Natta applied the 
Ziegler catalysts to the polymerization of 
propylene. He found that part of the 
polymer was highly crystalline, saw that 
it must have been built up with a high 
degree of uniform three-dimensional 
order, and proved the structure by using 
x-ray methods. The word isotactic was 
coined to describe this stereochemical 
regularity of structure in the repeating 
units of a polymer. Natta went on to dis- 
cover variants of the Ziegler catalyst sys- 
tem, thus making possible the high-yield 
isotactical polymerization of propylene 
and other olefins. The isotactic polymers 
became commercially important as plas- 
tics, films, and synthetic fibers because of 
their strength and high melting point. 


NEEL, LOUIS EUGENE FELIX (1904- ) 


The French physicist Louis Eugène 
Félix Néel, whose basic research in mag- 
netism had important applications in the 
field of electronics, shared the 1970 Nobel 
Prize in physics with Hannes O. G. Alfvén 
of Sweden. Néel’s work was described as 
fundamental to a deeper understanding 
of the way in which magnetic molecules 
behave. (See Hannes Olaf Gösta Alfén, 
Addendum, Volume 20.) 

A new category of magnetic substances 
made its appearance in the 1930s as a 
result of Néel’s investigation of magnetic 
creep—variations in the magnetization of 
ferromagnetic substances caused by heat 
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or changes in the distribution of atoms. 

Neel later demonstrated that the 
strength and shape of the zones of mag- 
netism in these materials can be pre- 
dicted. His research had a great impact 
on computers, telephones, and micro- 
phones. 

Néel was born in Lyons, France, and 
studied in Paris at the Ecole Normale 
Supérieure, where he earned his doctorate 
in 1932, For many years he was professor 
at the University of Strasbourg, but in 
1947 he became professor at the Univer- 
sity of Grenoble and later was made di- 
rector of its higher national school of 
electrotechnics, hydraulics, radio elec- 
tricity, and applied mathematics. He also 
served as director of the Polytechnic In- 
stitute and of the Center for Nuclear 
Studies of Grenoble and represented 
France on the Scientific Council of the 
North Atlantic Treaty Organization. 

Early in World War II, Néel developed 
a procedure for protecting French com- 
bat ships against magnetic mines. The in- 
vention consisted of giving the ship a 
permanent magnetization in a direction 
that was opposite to the terrestrial mag- 
netic field. 

Néel published more than 200 papers 
and received many awards and honor- 
ary degrees. He was made a Grand Offi- 
cer of his country’s Legion of Honor, as 
well as a member of the Academy of Sci- 
ences of Paris and a foreign member of 
the Royal Society of London, the Ameri- 
can Academy of Arts and Sciences, and 
of Dutch, German, Rumanian, and Rus- 
sian academies, His awards included the 
Gold Medal of the National Center for 
Scientific Research and the Holweck 
Medal of the Institute of Physics, London, 
England. 


NERNST, WALTHER HERMANN 
(1864-1941) 


The greatest accomplishment of the 
German chemist and physicist Walther 
Nernst was his discovery of the third law 
of thermodynamics, or the heat theorem, 
which states that the principle of maxi- 
mum work holds true only at tempera- 
tures near absolute zero. For this work 
he was awarded the 1920 Nobel Prize in 
chemistry. 

In addition, he did important work in 
electrochemistry, photochemistry, and 
solid-state chemistry and is regarded as 
one of the founders of modern physical 
chemistry. He also studied chemical equi- 
libria and investigated the specific heat 
of solids at low temperatures. Among his 


inventions were a type of incandescent 
lamp and an electric piano. Some of his 
earliest work was on the generation of 
electric current in the galvanic cell, and 
he developed theories of galvanism im- 
portant to modern electrochemistry. 

In his investigations of the theory of 
ions, he devised ways of measuring dielec- 
tric constants and pH, which is a measure 
of the concentration of hydrogen ions in a 
solution. He explained that within a 
water solution the positively and nega- 
tively charged ions are kept apart, which 
enables the ions to conduct an electric 
current. 

Working in photochemistry, he ex- 
plained the violent reaction between hy- 
drogen and chlorine when the two ele- 
ments are exposed to light. He found that 
initially the chlorine molecule is broken 
down into two chlorine atoms by the 
effect of the light and that each such 
chlorine atom, much more active than the 
chlorine molecule, reacts with the hydro- 
gen molecule. 


Walther Nernst 


Nernst was born in Briesen, West Prus- 
sia, and studied chemistry and physics 
at the universities of Berlin; Graz, Aus- 
tria, and Ziirich, Switzerland. After ob- 
taining his doctorate from the University 
of Würzburg in 1887, he became an as- 
sistant to Friedrich Wilhelm Ostwald at 
the University of Leipzig, Germany. He 
joined the physics faculty at the Univer- 
sity of Géttingen in 1890 and became 
professor of chemistry there the follow- 
ing year and professor of physical chem- 
istry in 1894. In 1905 he went to the 
University of Berlin as professor of chem- 
istry and in 1924 became director of its 
Institute for Experimental Physics, a 
position he held until his retirement in 
1933. 


NEUMANN, JOHN VON (1903-1957) 


One of the outstanding mathematicians 
of the twentieth century was Hungarian- 
American John von Neumann. He founded 
the theory of operator rings, contributed 
greatly to the development of high-speed 
digital computers, and helped in the de- 
sign of both the atomic and hydrogen 
bombs. 


Von Neumann was born in Budapest, 
Hungary. He was a child prodigy and at 
age twenty received his doctorate in 
mathematics from the University of Bud- 
apest and a degree in chemical engincer- 
ing from the Federal Institute of T 
nology in Zürich, Switzerland. In 152 
he became a lecturer at the Univer: ty 
of Berlin and in 1929 was named assis* nt 
professor at the University of Hamb: ce, 
The following year he went to Princ vn 
University, where he became a pro! r 
of mathematical physics and in 1938 n 
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its founding, professor of mathemati: 
the Institute for Advanced Study, a 
he held for the rest of his life. 

His activities were not confined > 
teaching. During World War II he wor! | 
with U.S. Army and Navy scientists 1 
his concept of implosion helped sy 
the construction of the atomic bomb 
Los Alamos, New Mexico. He was dir: 
tor of a federal electronic computer pi 
gram from 1945 to 1955, and his efik 
in this capacity helped in developing t! 
hydrogen bomb. 

In 1954 he was named to the U 
Atomic Energy Commission and in 19 
was awarded its Enrico Fermi Aw 
His published works include Mathe? 
cal Foundations of Quantum Meche 
(1926; English translation, 1955), T) 
of Games and Economic Behavior | 
Morgenstern, 1944), Collected W: 
(volumes 1-3, 1961-1962; volumes 
1963), and Theory of Self-Reprodi 
Automata (published posthumous 
1966). 


NEWCOMB, SIMON (1835-1909) 


Although he received little formal ec 
cation as a child in Wallace, Nova Scot: 
his birthplace, Simon Newcomb d 
played an interest in, and facility for, 
mathematics at an early age. Later in 
life, however, his particular genius was 
focused on the study of astronomy, with 
emphasis on the movements of the moon 
and the planets. 

A paper written in 1860 attacking the 
hypothesis that the bodies of the plane- 
toid zone resulted from the disintegration 
of a planet formerly orbiting between 
Mars and Jupiter brought Newcomb to 
the attention of contemporary astrono- 
mers. This was the first of his more than 
350 papers on the origin of celestial 
bodies and their motions. Because his 
works appealed to the general public, 
as well as to the scientific community, 
Newcomb is credited with making the 
complexities of astronomy comprehen- 
sible to a wide audience of readers. 

One of Newcomb’s most valuable con- 
tributions was a history of the moon’s mo- 
tion from the late seventeenth to the late 


nineteenth centuries. With the publication 
of an extensive series of tables of lunar 
and planetary positions in the Astronomi- 
cal Papers of the American Ephemeris in 
1899, he completed the monumental task 
ı twenty-five years earlier. 

comb moved to the United States 
and graduated from Harvard Uni- 


versi y five years later. He began his aca- 
de vareer in 1861 as professor of 
m iaties at the Washington Naval 
ol itory, where he determined the 
p : of numerous celestial objects 
wi ‘ridian instruments and refractors. 
Di his long association with the U.S. 
N Vewcomb rose to the rank of rear 
ad and in 1877 was put in charge 
of \merican Nautical Almanac office, 
ay on he held until 1897. Meanwhile, 
fre 54 to 1893, he also taught mathe- 


mi ind astronomy at Johns Hopkins 
U ity, Baltimore, Maryland, and 
ed he American Journal of Mathe- 


‘omb was one of the founders of 
th \erican Astronomical Society and 
ser as its first president, As an inter- 
na lly prominent scholar and educa- 
tor received honorary degrees from 
te! ‘opean and seven U.S. universities, 
as is recognition by the Royal Astro- 
ne | Society and the National Acad- 
en Sciences. Twenty-four years after 
hi th in Washington, D.C., he was 
el to a position in the Hall of Fame 
fo it Americans. 


NÉ IN, SIR ISAAC (1642-1727) 

1 of science as it is known today 
ar wy of the methods used for solving 
the blems of nature have their origin 
in studies of the English mathema- 
tic physical scientist, and natural 


phi -sopher Sir Isaac Newton. At the be- 
ginming of the seventeenth century, Gali- 
leo+ experimental method and discoveries 


had led to a broadening of the horizons 
of knowledge but to no fundamental con- 
quest. Scientists collected data but had no 
means of interpreting them. The fact that 
a scientist like Johannes Kepler had found 
laws to describe the movement of the 
planets was undeniably a great achieve- 
ment; but these laws, which had been 
deduced from the observation of the 
planets and their movements, could not 
be deduced from the laws of mechanics 
studied by Galileo, because in those times 
no mathematical means were known for 
carrying out such a deduction. 
Mathematicians had almost clarified 
the notion of mathematical limit but had 
stopped on the brink of the invention of 
a new form of mathematical calculation: 
that of variable quantities. This inven- 
tion, together with the discovery of the 


law of gravitation, led to a greater scien- 
tific advance during Newton's lifetime 
than in all the preceding centuries. New- 
ton’s extraordinary discoveries were the 
product of a mind gifted with an almost 
superhuman capacity for reasoning and 
concentration. The greatest mathemati- 
cians of Europe spent years thinking out 
complicated problems to try to baffle him, 
but Newton always solved them easily, 
sometimes after a day’s participation in 
other activities. 

Newton, the only exceptional member 
of his family, was born in Woolsthorpe, 
Lincolnshire, England, on Christmas Day 
in the year of Galileo’s death. He was the 
posthumous son of a modest tenant 
farmer. Throughout his childhood New- 
ton was weak and sickly; and his mother, 
who had remarried soon after he was 
born, entrusted him to the care of his 
maternal grandmother. He was sent first 
to the village school and then continued 
his studies at nearby Grantham College. 


Sir Isaac 
Newton 


While there he lived with the village 
chemist, whose house held a dual interest 
for him: a collection of old books, some of 
them scientific, and the chemist’s niece, 
with whom he fell in love. He became en- 
gaged to her; but when he entered Cam- 
bridge University, he neglected her so 
completely that she married someone 
else. There seems to have been no other 
romantic interest in his life. 

At Cambridge, Newton was fortunate 
enough to have as a professor the English 
mathematician and theologian Isaac Bar- 
row (1630-1677). The latter took a spe- 
cial interest in Newton, who was slightly 
older than his companions, taciturn, con- 
scientious, and brilliant. When Barrow 
decided to devote himself entirely to the- 
ology and therefore resigned his chair in 
mathematics, he recommended Newton; 
and thus, at the age of only twenty-six, 
Newton was appointed to a professorial 
chair at Trinity College. 

The subject of optics was of chief in- 
terest to Newton at this time. Using a 
glass prism, he performed the unforget- 
table experiment of breaking down a ray 
of light and thereby revealed that white 
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light is a mixture of all colors and that a 
prism separates the mixture into its com- 
ponent parts because the light of each 
color is refracted at a different angle. 

Led by his prism experiments to the 
erroneous conclusion that it would be im- 
possible to make a lens system free of 
chromatic aberration, Newton devised a 
new type of telescope, called the reflect- 
ing telescope because its main light-gath- 
ering component was a mirror rather than 
the lens system of the refracting tele- 
scope. With this instrument, which was 
destined to become extremely important, 
he gained admittance to the Royal So- 
ciety. 

Shortly thereafter he presented a paper 
on light and colors to the society, which 
caused a controversy that led to further 
studies on Newton's part and resulted in 
his corpuscular theory of light. Accord- 
ing to this, light is the product of emis- 
sion by a luminous body of a host of tiny 
particles traveling in empty space with a 
speed of about 186,000 miles per second. 
Newton went on to state that the cor- 
puscles cause waves as they travel through 
the ether and that many optical phenom- 
ena arise from the properties of both 
waves and corpuscles. This explanation 
fell from favor in the nineteenth century, 
but there is a similarity between New- 
ton’s views and those of the twentieth 
century, in which there is a fusion of ele- 
ments of both the wave and corpuscular 
theories of light. 

For many years Newton had also been 
fascinated by the main problem of motion 
—the force that keeps the planets moving 


While at Cambridge, Sir Isaac Newton became 
interested in optics. Conducting experiments 
with prisms, he broke down a ray of light and 
found that white light is a mixture of all colors. 
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about the sun. His discovery of the law of 
universal gravitation has become legend- 
ary. It is said that an apple’s falling from 
a tree in the garden where he was medi- 
tating stimulated the formation of the 
law. Newton never officially acknowl- 
edged this episode, but the story soon 
spread abroad—even the French writer 
Voltaire said that he had heard it from 
one of Newton's nieces—and the apple 
tree in question became a part of history. 
Although Newton probably arrived 
quickly at an understanding that the 
force of attraction that is exercised be- 
tween two bodies is directly proportional 
to the sum of their masses and inversely 
to the square of their distance, he de- 
cided to put off publishing the results of 
his studies. The law that he intuitively 
glimpsed was, in fact, valid for bodies 
that were points and had their mass con- 
centrated at their respective centers. In 
the case of extended bodies, on the other 
hand, each of their particles would fol- 
low the same law, and Newton was not 
able to estimate the effect of the extended 
mass. It took him about twenty years be- 
fore he could state the well-known the- 
ory that a spherical body of uniform den- 
sity exerts the same gravitational effect 
as it would if all its mass were concen- 
trated at its center. 
When Edmund Halley, who was bound 
to Newton by deep friendship and ad- 
miration, questioned him about the tra- 
jectory of a body moving under the action 
of a central force that varied as the in- 
verse square of the distance from the cen- 
ter, he was so struck by the depth of 
Newton’s studies on the subject that he 
strongly advised him to collect in one 
volume all his work on gravitation and 
dynamics. Even though Newton’s ideas 
on the subject had been well defined, the 
drafting took almost three years of unin- 
terrupted and feverish work. Newton had 
no set hours of work and often spent long 
nights in meditation, The cost of publica- 
tion was borne by Halley, and the first 
edition came out in 1687. The work, 
Philosophiae Naturalis Principia Mathe- 
matica, is divided into three parts: the 
first dealing with the principles of dy- 
namics, the second with the motion of 
fluids and of bodies immersed in them, 
and the third with celestial dynamics, 
The book contains the laws of dynamics 
and their application to countless sys- 
tems; it explains the causes of tides and 
gives an estimation of the mass of the 
moon; and starting from a knowledge of 
the irregular shape of the Earth, it goes 


To prevent chromatic aberration from spoiling 
the quality of the telescopic image, Sir Isaac 


on to determine the precession of the 
equinoxes, Knowing the velocity of rota- 
tion and the size of the planet, as well as 
the variation of gravitational force at dif- 
ferent latitudes, Newton used his laws of 
dynamics to calculate the amount of flat- 
tening of the Earth at the poles. Only a 
few people immediately understood the 
enormous importance of Newton’s work; 
however, the theories contained in it were 
soon taught at the universities, first at 
Cambridge in 1699 and then at Oxford 
in 1704. 

Newton’s character was not simple; 
though generous, modest, religious, and 
faithful in his friendships, he was can- 
tankerous, irritable, and extremely intro- 
verted. Proverbially absentminded, he 
was not appreciated for his teaching (his 
lessons were often deserted), to which 
he gave as little time as possible. Instead, 
he devoted himself to his experiments, 
often forgetting to sleep, to eat, or to 
dress properly and neglecting his health 
to the point of a nervous breakdown that 
brought him to the edge of insanity in 
1693. The burning of the laboratory in 
his house, accidently caused by his dog 
Diamante, drove Newton almost out of 
his mind. 

The fame brought by his work caused 
him to be offered ever more important 
official positions, and in 1688 he was 
elected as the university representative to 
Parliament. He did not make a great im- 
pression there; in fact, his political ideas 
are not even known, but he was probably 
a moderate conservative. He never made 
any speeches; the only time he ever took 
the floor a hushed silence fell over the 
chamber as everyone waited for whatever 


Newton devised a reflecting telescope, in whic! | 
the main element was a magnifying mirror 


words of wisdom were to come from th« 
lips of such an illustrious scientist, but 
all he did was ask for a window to b 
closed because he felt an uncomfortab! 
draft. 

Thanks to the support of Lord Mc 
tague, afterward earl of Halifax, at t) 
time chancellor of the exchequer, No 
ton became warden of the mint in 10! 
He moved to a magnificent apartment 
the capital, where his niece Catheri 
Barton, who seems to have been a clo. 
friend to Lord Halifax, acted as his hos 
ess. If Voltaire, who was a great admir: 
of Newton, is to be believed, Newton gc 
more pleasure from having a beautifi 
niece than from his scientific discoverie; 
It is certain that he was a shrewd an 
honest civil servant, which is further cor 
roborated by the fact that he continued to 
hold his position even after Lord Hali- 
fax’ death. Newton helped successfully 
to revise the English coinage of the pe- 
riod and was made master of the mint in 
1699. 

His official duties and the busy life of 
the capital contributed, without doubt, to 
the slowing down of his intellectual ac- 
tivity, fortunately at a time when he had 
already given voice to the best of his the- 
ories. His mind, however, remained fresh 
and agile in meeting the problems that 
still confronted him. In 1696 Johann Ber- 
noulli challenged the mathematicians of 
Europe to solve the brachystochrone 
problem that had occupied him for a 
long time: the determination of the curve 
of most rapid descent of a particle under 
the influence of gravity. Newton heard 
about the problem on January 26, 1697, 
on his retum from the mint, tired out 


after his day’s work; but before retiring 
he had solved the problem and the fol- 
lo morning communicated it to the 
Roya’ Society. A problem on right-angled 


trajectories put forward by Gottfried 
Lei! siz was also quickly solved by New- 
ton. ho was then seventy. 

È «ton was an imposing and robust 
ok n, blessed with an iron constitu- 
tic on though his hair had been white 
si > was thirty, he never lost more 
th : tooth throughout his life, nor did 
he wear glasses. In his old age he 
ec ed to be concerned with physics 
al ithematics but dedicated himself 
als heology, alchemy, and cosmology 
~ ining his indefatigable activities 
wi s death, when he was buried in 
W nster Abbey. 

NI E, CHARLES JULES HENRI 
(Mi 1936) 

French bacteriologist Charles Ni- 
col is awarded the 1928 Nobel Prize 


in icine or physiology for discovering 
th »idemic typhus fever is transmitted 


by body louse. During his thirty-three 
ye s director of the Tunis branch of 
thi teur Institute, it became a world- 
fa center for bacteriological research. 

lie was born in Rouen, France, the 
s i professor of medicine. Following 
in father’s footsteps, he took up the 
sti f medicine, going to Paris, where, 
in ‘ion to his training at the univer- 
s * had specialized instruction in mi- 


cr logy at the Pasteur Institute. After 
ri ig his medical degree in 1893, he 
l 1e a faculty member of the Rouen 
m: ical school and in 1896 was ap- 
d director of its bacteriological 
la tory. 

1903 Nicolle was named director of 
the Pasteur Institute in Tunis, where he 
began to study the spread of typhus. He 
observed that typhus patients were in- 
fectious outside the hospital and upon 
entering and that hospital employees 
who admitted them also contracted the 
disease; yet once the patients were in the 
hospital and under observation, the ty- 
phus no longer spread. Deducing that the 
tuming point came when the patients 
were bathed and their clothing disin- 
fected, Nicolle realized that whatever 
transmitted epidemic typhus was in the 
clothing. He suspected the body louse; 
and in 1909, after experimental work with 
animals, he and his associates announced 
that the vector is, indeed, the louse, 
which spreads the causative organism 
Rickettsia prowazetii. Nicolle showed 
that the louse is infective only after tak- 
ing in blood from an infected person and 
that biological survival is dependent upon 
a continuous chain of contacts. 


Charles Nicolle 


To combat typhus, which had long 
been known to spread rapidly in crowded, 
unsanitary conditions, Nicolle introduced 
strict measures; and his work was im- 
portant in fighting typhus among the 
troops during World War I. He also 
demonstrated that there are instances in 
which no symptoms whatever appear and 
yet the blood is virulent on inoculation, 
which helped explain how contagion sur- 
vives between epidemics. Later he helped 
clarify the distinction between the classi- 
cal louse-born typhus and murine typhus, 
which is carried by the rat flea. His other 
research furthered the understanding of 
rinderpest, brucellosis, measles, diphthe- 
ria, scarlet fever, and tuberculosis. In 
addition, he founded the Archives de 
l'Institut Pasteur de Tunis. 

Apart from his scientific pursuits, Ni- 
colle was a novelist and philosopher of 
considerable reputation. In 1932 he was 
elected to a chair at the Collège de 
France. 


NIRENBERG, MARSHALL WARREN 
(1927- ) 

For his research into the chemistry of 
genes, Marshall W. Nirenberg was one of 
three U.S. scientists who shared the 1968 
Nobel Prize in medicine or physiology. 
He was specifically cited for breaking the 
genetic code. His co-winners were Rob- 
ert W. Holley and Har Gobind Khorana, 
whose independent research confirmed 
Nirenberg' thesis. (See Robert William 
Holley; Har Gobind Khorana.) 

Nirenberg’s work started from the pre- 
viously proved premise that cells carry 
hereditary messages through the DNA 
(deoxyribonucleic acid) in the chromo- 
somes. DNA is made up of four nucleo- 
tides shaped like a double spiral, or helix, 
and containing simple chemicals, as well 
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as the more complex, such as purines and 
pyrimidines. The configuration of a helix, 
and therefore its genetic message, is de- 
termined by the order in which its nu- 
cleotides are linked in combinations of 
threes. Nirenberg discovered that DNA 
does not work directly but uses an inter- 
mediary, RNA (ribonucleic acid). By 
demonstrating that synthetic RNA con- 
taining only one pyrimidine served as a 
model for creating a protein with only 
one amino acid, he decoded one of the 
three-letter combinations. He eventually 
discovered the codes for virtually all 
amino acids, which are the basic bio- 
chemical building blocks. 

Nirenberg was bom in New York City 
and received bachelor’s and master’s de- 
grees in biology in 1948 and 1952, respec- 
tively, from the University of Florida. 
After earning a doctorate in biochemistry 
at the University of Michigan in 1957, he 
joined the National Institute of Arthritis 


Marshall Nirenberg 


and Metabolic Diseases and stayed there 
until 1962, when he was named chief of 
the biochemical genetics laboratory of 
the National Heart Institute. He was 
awarded both the National Medal of Sci- 
ence and the Research Corporation 
Award and was elected to both the Amer- 
ican Academy of Arts and Sciences and 
the National Academy of Sciences. 


NOBEL, ALFRED BERNHARD 
(1833-1896) 


The Swedish engineer and inventor Al- 
fred Nobel is probably best remembered 
as a philanthropist. Although he was the 
foremost creator of explosives adapted to 
modem warfare, he also instituted the 
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Nobel Foundation in order to award 
prizes “to those who, during the preced- 
ing year, shall have conferred the great- 
est benefit on mankind” in the fields of 
physics, chemistry, physiology or medi- 
cine, literature, and peace. 

Alfred Nobel was born in Stockholm, 
Sweden, the youngest of three sons. After 
several unlucky ventures, his father, who 
was a brilliantly inventive man, left Swe- 
den for St. Petersburg, Russia; and the 
rest of the family followed later. Delicate 
from his earliest youth because of a con- 
genital weakness of the spinal column, 
Nobel was taught privately by tutors. At 
about age seventeen he was sent on trav- 
els to complete his engineering education 
and spent some time in the United States. 
On his retum the family moved back to 
their native Sweden because of financial 
reversals, and Nobel took up the study 
of explosives, especially nitroglycerin. 

This extremely powerful explosive had 
first been prepared in 1846 by the Italian 
chemist Ascanio Sobrero. Compared 
with the explosives that were already 
known, it had exceptional qualities: it 
released more energy than any of them on 
a weight-for-weight basis and had great 
disruptive powers, It had two drawbacks, 
however, one of them serious: it exploded 
at the slightest jarring, which made it un- 
suitable for both civil and military pur- 
poses; and it was liquid. Many scientists 
were therefore studying ways of making 
it easier to handle. 


Despite many difficulties and setbacks, 
Nobel persevered in his experiments to 
make nitroglycerin safe. He subjected the 
explosive to the most varied tests to dis- 
cover how to overcome the chief prob- 
lem, that of transport. Nitroglycerin was 
transported in small glass containers 
carefully set in a case full of kieselguhr, 
which became tightly packed around the 
container from the jolting during trans- 
port, with the result that the latter was 
firmly wedged and also well cushioned. 
Moreover, the kieselguhr was highly ab- 
sorbent and would soak up all the liquid 
if a container broke, thus preventing it 
from being spilled along the road. One 
day, before a loading operation, it was 
discovered that a glass container had 
cracked and that the liquid had run out 
into the protective powder. Nobel per- 
sonally supervised the opening of the 
case and was struck by the solid appear- 
ance of the nitroglycerin-kieselguhr mix- 
ture. He soon found that it was much less 
sensitive to the impact of jolts than the 
nitroglycerin alone. Thus, dynamite was 
accidentally discovered. In 1867 it was 
patented in England and in the next year 
in the United States, 

Nobel still continued his research, how- 
ever. Dynamite was basically nitroglyc- 
erin made safe by its absorption by the 
kieselguhr, but this inert component 
greatly diminished its explosive power. 
He was therefore searching for a sub- 
stance that would make nitroglycerin safe 
without detracting from its strength. 
Finally he found the solution: by com- 
bining nitroglycerin with another high 
explosive, guncotton, he produced a jelly- 


The last years of Alfred Nobel’s life were spent 
at San Remo, Italy. His home there contained 


a study, where he could pursue further the 
subjects of interest to him. 


Alfred Nobel 


like substance called blasting gelatin, 
which was more powerful than dynamite. 

Although Nobel conducted research in 
many other areas and was the patentee 
of hundreds of inventions, it was the 
problem of explosives that absorbed him. 
In 1888 he developed ballistite—a powder 
made of nitroglycerin and nitrocellulose 
—which was one of the first effective 
smokeless propellants. An accomplish- 
ment of great importance was his con- 
struction of detonators for explosives that 
could not be made to explode by simple 
firing. These detonators contained ful- 
minate of mercury and made it possible 
to set off such explosives as nitroglycerin 
and guncotton, which otherwise could 
not be used at all. 

Through his inventions and his oil 
wells in Baku, Nobel accumulated an 
immense fortune, a large part of which 
he used to establish a foundation for the 
annual distribution of awards to those 
who had rendered the greatest services 
to humanity, His passion for research had 
made him disregard most other consider- 
ations; and when he subsequently real- 
ized that his discoveries could be disas- 
trous for humanity if misused, he endowed 
the foundation in the hope that it would 
prove a powerful promoter of goodness, 
justice, and peace. 

Nobel remained a controversial figure 
for a long time, and he was often accused 
of having furnished man with the most 
lethal means of destruction, There is a 
certain basis for this accusation, but it 
should be remembered that the explo- 
sives that he invented have made it pos- 
sible to undertake vast operations for the 
benefit of mankind and progress. More- 
over, Nobel considered them a deterrent 
that could effectively discourage men 
from warfare. 

His personality was undeniably a com- 
plex one, difficult to understand, often 
contradictory and enigmatic. This was 
due largely to his physical ailments, 
which made him moody, often capricious 
and sarcastic, and a lover of solitude. He 
had a tremendous capacity for work and 
was capable of pursuing many different 
interests simultaneously, but his scien- 


tific and literary interests were the dom- 


> had a solid sense of reality and 
>d business ability. 
as considered an atheist, but he 
ply opposed to dogmas, His was 
rately lonely existence; and he 
ew the joys of real love, apart 
ıt of his mother, to whom he was 
rly attached. He appreciated the 
of intelligent women and could 
uial and generous host, but he 
| to lead a Spartan life. In spite 
itter pessimism, however, he al- 
mained at heart an incurable 
who hoped for a better world, 


thoi e himself was perhaps unable to 
beli n it. 

NO i, RONALD GEORGE 

WREY ORTH (1897— ) 

Th- British physical chemist Ronald 
Nor vas one of the three European 
scie who shared the 1967 Nobel 
Pri chemistry. Norrish split half of 
the d with his research associate, the 
Bri hemist George Porter, while the 
oth if went to the German chemist 
Ma Eigen. All three were honored 
for ‘ies of extremely fast chemical 
rea effected by disturbing the equi- 
lib )y means of very short pulses of 
enc Norrish and Porter were able to 
sto; mical reactions at intervals of 
aln me-thousandth of a millionth of 
as and to study the progressive 
chai (See Manfred Eigen; George 


Ronald Norrish 


Norrish was born at Cambridge, En- 
gland, attended the Perse Grammar 
School there, and did his undergraduate 
and doctoral work at Emmanuel College, 
where he also served as a research fel- 
low. He later served as chairman of the 
university's physical chemistry depart- 
ment. 

In recognition of his work, Norrish was 
elected a fellow of the Royal Society, an 
officer of both the Faraday Society and 


the Royal Institute of Chemistry, and an 
honorary member of both the Polish 
Chemical Society and the Polish Acad- 
emy of Science. He received honorary 
degrees from the universities of Leeds 
and Sheffield. In 1958 he was awarded the 
Davy Medal of the Royal Society, in 1964 
the Lewis Medal of the Combustion In- 
stitute, and in 1965 the Faraday Medal of 
the Chemical Society. 


NORTHROP, JOHN HOWARD 
(1891- ) 

A pioneer in the crystallization of en- 
zymes, John Howard Northrop, U.S. bio- 
chemist, helped establish that the once 
mysterious substances known as enzymes 
obey chemical laws. He and his col- 
leagues isolated and crystallized several 
enzymes and proved them all to be pro- 
teins. For this valuable work Northrop 
divided one-half of the 1946 Nobel Prize 
in chemistry with W. M. Stanley; J. B. 
Sumner, whose work Northrop extended, 
was awarded the other half. (See Wen- 
dell Meredith Stanley; James Batcheller 
Sumner. ) 

Northrop was born in Yonkers, New 
York, and educated at Columbia Univer- 
sity, New York City, where his father, an 
instructor in zoology, was killed in a lab- 
oratory explosion. He received his bach- 
elor’s degree in 1912, his master’s in 1913, 
and his doctorate in 1915. The following 
year, under the direction of the experi- 
mental biologist Jacques Loeb at the 
Rockefeller Institute for Medical Re- 
search, he began to study theories of life 
duration; and in 1924 he became a mem- 
ber of the institute. He was named re- 
search professor of bacteriology at the 
University of California at Berkeley in 
1949, 

During World War I, when he was a 
captain in the U.S. Army Chemical War- 
fare Service, he did work on fermenta- 
tion that led to his study of enzymes es- 
sential for digestion, respiration, and 
other life processes. After Sumner’s dis- 
covery of crystalline urease, Northrop 
started the work that ended the contro- 
versy about whether or not enzymes are 
really proteinaceous. He had crystallized 
pepsin by 1930 and succeeded in crystal- 
lizing the enzymes trypsin and chymo- 
trypsin in 1932 and 1935, respectively. 
The dozens of enzymes crystallized after 
Northrop’s prizewinning work all proved 
to be proteins. 

Later Northrop studied viruses and anti- 
bodies and isolated a bacteriophage—a 
virus that destroys bacteria. In addition, 
he made studies on starch, agglutination 
of bacteria, and the effect of temperature 
on insects; and in 1941 he purified diph- 
theria antitoxin. 


OBERTH 


Northrop was elected to the National 
Academy of Sciences in 1934. His Crys- 
talline Enzymes appeared in 1939, and in 
1948 he was coauthor of the second edi- 
tion, 


OBERTH, HERMANN JULIUS 
(1894— ) 

The German physicist and rocket ex- 
pert Hermann Oberth was one of the 
founders of modern astronautics. Early 
in the twentieth century he envisioned 
space travel as a real possibility; and in- 
dependently of the U.S. scientist Robert 
Goddard and the Russian scientist Kon- 
stantin Tsiolkovsky, he worked out the 
mathematical equations necessary in 
building rockets for space flight. 


Hermann Oberth’s medical studies at the Uni- 
versity of Munich were interrupted by World 
War |. After the war, he returned for a brief 
period but studied science and mathematics. 


Oberth was born at Hermannstadt, 
Transylvania (now Sibiu, Rumania), the 
son of a physician, In 1913, at his father’s 
request, he entered the University of 
Munich as a medical student; but his 
studies were interrupted by World War I. 
He served in the Austro-Hungarian in- 
fantry, was wounded, and on his recovery 
was assigned to an ambulance unit. This 
experience convinced him that he should 
not become a physician. 

In his early youth Oberth had been 
impressed by Jules Verne’s tales of jour- 
neys to the moon; and after the war he 
pursued this and other scientific interests 
by studying science and mathematics at 
the universities of Klausenburg (now 
Cluj, Rumania), Munich, Gottingen, and 
Heidelberg. At the last-named school he 
sought a doctorate with a thesis on space 
travel, but it was rejected as not being of 
a scholarly nature. 
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OCHOA 


Oberth obtained a position as a teacher 
of mathematics at a school in Medias, 
Rumania, in 1924. Throughout the 1920s 
he conducted his own private research on 
rocketry, wrote books on the possibility 
of space travel, and even served as sci- 
entific adviser for a film about space 
flight. While working on a rocket that 
was to be used for publicity for the film, 
he lost the sight of his left eye as the re- 
sult of an explosion. 


Hermann Oberth 


Taking a leave of absence from his 
teaching post at Medias, Oberth con- 
ducted research at the Reich Institute of 
Chemistry and Technology near Berlin 
and proved that liquid-fueled rocket pro- 
pulsion was possible, In this work one of 
his assistants was Wernher von Braun. 

It is not clear to what extent Oberth 
cooperated with the Nazis on the devel- 
opment of the destructive V-2 rocket. 
From 1938 to 1940 he worked on liquid- 
propelled rockets at the Technical Uni- 
versity of Vienna and from 1940 to 1941 
at the Technical University of Dresden. 
He was then sent to a rocket develop- 
ment base at Peenemiinde and from 1943 
to 1945 worked on solid-fueled antiair- 
craft rockets at another development 
base. Reportedly, he tried to leave Ger- 
many and go to Rumania but was forced 
to accept German citizenship in 1940, 

At the close of the war he was placed 
in an internment camp and after his re- 
lease was unable to obtain any kind of 
teaching position. He spent a year in 
Switzerland as a rocket consultant and in 
1950 went to Italy to work on antiaircraft 
rockets for the Italian navy. In 1955 Von 
Braun invited him to work on guided mis- 
siles at the U.S. Army’s Redstone Arsenal 
in Alabama; and he stayed there as a 
supervisory physicist until 1958, when he 
retired and returned to Germany. 


OCHOA, SEVERO (1905- ) 
The Spanish-U.S. physician and bio- 
chemist Severo Ochoa received the 1959 


Nobel Prize in medicine or physiology 
for discovering the mechanism for the 
biosynthesis of RNA (ribonucleic acid). 
Ochoa’s co-winner was the U.S. physi- 
cian Arthur Kornberg, who made the 
same discovery for DNA (deoxyribonu- 
cleic acid). (See Arthur Kornberg.) 

The work of Ochoa and others tended 
to confirm the idea that RNA is the chief 
template for protein synthesis by the 
cell. In certain viruses RNA is responsi- 
ble not only for cell growth but also for 
the transfer of heredity (a function 
handled in most life forms by DNA). It 
occurs mainly in the cytoplasm but is 
also found, though to a lesser extent, in 
the nucleus of the cell. The many differ- 
ent types of RNA are usually broken 
down into three large groups: the first, 
or messenger-RNA, handles information 
on how proteins channel amino acids; 
while the other two, soluble-RNA and 
transfer-RNA, are involved in the actual 
protein synthesis. 

Of central importance to the synthesis 
of RNA was the discovery of an enzyme 
that would serve as a catalyst. Ochoa dis- 
covered such a catalyst in 1955 and syn- 
thetically created polyribonucleotides 
that closely resembled RNA in struc- 
ture. At the time that he received his No- 
bel award Ochoa expressed the hope that 
his work would “help to pave the way for 
the artificial synthesis of biologically ac- 
tive viral RNA and the synthesis of vi- 
ruses.” His work and that of Kornberg 
were fundamental to later studies of cell 
differentiation and genetics. 

Ochoa was born in Luarca, Spain, and 
received his bachelor’s degree from Mál- 
aga College in 1921 and his doctorate in 
medicine from the University of Madrid 
in 1929. From then until 1931 he was a 
research associate at the Kaiser Wilhelm 
Institute in Berlin, Germany, where he 
also continued his studies; and from 1932 
to 1933 he worked at the National Insti- 
tute of Medical Research in London, En- 
gland. He returned to Spain in 1934 to 
teach physiology at the University of Ma- 
drid but left in 1936 because of the Span- 
ish Civil War. For the next four years he 
did research at the University of Heidel- 
berg in Germany and at Oxford Univer- 
sity in England. 

In 1940, on his arrival in the United 
States, he became an instructor and re- 
search assistant in pharmacology at 
Washington University, St. Louis, Mis- 
souri. There he had the opportunity to 
work under Carl and Gerty Cori, who 
later became Nobel laureates. The fol- 
lowing year he joined the faculty of the 
medical school at New York University as 
a research assistant, rising to the chair- 
manship of the pharmacology department 


in 1946 and to that of the biochemi 
department in 1954. He became a nat 
alized citizen of the United States in 1 


OERSTED, HANS CHRISTIAN 
(1777-1851) 


The Danish chemist and physicist ! 
Oersted was the founder of the scien 
electromagnetism. He was the first s 
tist to demonstrate experimentally th 
lationship between electricity and r 
netism, 

Although Oersted and many othe: 
entists of his time believed that there 
a connection between electricity 
magnetism, it had never been pre 
Oersted, who had been experime: 
with electricity for some time, mack 
discovery in 1819 while conducti: 
demonstration for students. He not 
that when a compass was brought n 
an electric wire, the compass ne 
pointed in a direction at right ang) 
the current. The publication in 18 
this discovery created great exc 
in the scientific world. In 1934 the ur 
of magnetic field strength was named th 
oersted in his honor. 

After his initial discovery, Oersted 
very little work on electromagnei 
however, he made important studi 
the compressibility of liquids and ; 
and in 1822 found a fairly accurati 
for the compressibility of water. H 
conducted research on thermoelc: 
junctions. His work in the field of ch 
istry included the preparation of met 
aluminum in 1825 and the discovery 
piperidine in 1820. 

Oersted was born at Rudkébing, De 
mark, and educated at the University « 
Copenhagen. After receiving a degree i 
pharmacy in 1797 and his doctorate i: 
1799, he worked for a while as a chemical 
assistant for the medical staff at the Uni- 
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Hans Oersted 


y of Copenhagen and then spent 
years traveling in Europe. In 1806 


vers 
sev 


he became professor of physics at Copen- 
hagen. He founded the Danish Society 
for the Promotion of Scientific Knowl- 
edge «nd was instrumental in the estab- 
lis} t of the Technical University of 
Der :, becoming its first president in 
18% 

(oli See Kamerlingh-Onnes, Heike. 
on R, LARS (1903— ) 

168 winner of the Nobel Prize in 
ch y, Norwegian-U.S. chemist Lars 
Or developed a complex theory in- 
vo he relationships of temperature 
ani tricity, especially as they behave 
dy ally. The reciprocity relation of 
(0) can be used to determine how 


he: | voltage relate to each other 
in ctric conductor. 


La isager 


nsager was born in Oslo, Norway, 
and studied at the Norwegian Technical 
Institute in Trondheim, receiving a de- 


gree in 1925, and at the Federal Institute 
of Technology in Ziirich, Switzerland, 
before joining the staff of Johns Hop- 


kins University, Baltimore, Maryland, in 
1928. A year later he went to Brown 
University, Providence, Rhode Island, 
where he was an instructor and published 
his primary paper on what has been 
called the fourth law of thermodynamics, 
dealing with his theories on irreversible 
processes. He earned his doctorate at 
Yale in 1935, becoming associate profes- 
sor there in 1940 and J. Willard Gibbs 
Professor of Theoretical Chemistry in 
1945, the year he took U.S. naturalization 
papers. 

In 1947 he was elected a member of 
the National Academy of Sciences, in 
1953 he received the Rumford Medal of 
the American Academy of Arts and Sci- 


ences, and in 1958 he was given the Lo- 
rentz Medal of the Royal Netherlands 
Academy of Sciences. He was further 
honored with the Peter Debye Award in 
Physical Chemistry and several of the 
American Chemical Society's medals. 


OPPENHEIMER, J. ROBERT (1904-1967) 


The U.S. theoretical physicist J. Robert 
Oppenheimer was born in New York 
City, the son of a German Jew who had 
emigrated to the United States as a boy 
and made a fortune in textiles. His fa- 
ther, being of an artistic and sensitive na- 
ture, invested a large part of his profits 
in a private collection of modern art that 
today is considered an extremely impor- 
tant one. Roberts mother was a gifted 
painter, who, although she died when he 
was only nine, had a strong influence on 
him; in particular, she encouraged in 
him a taste for art and literature. This 
parental influence would not have been 
so important had he not already had a 
naturally wide range of interests, the 
scope and variety of which are evident 
from the fact that while still a young boy 
he had assembled a large collection of 
minerals and written a treatise on light. 
Because of delicate health, his childhood 
was a solitary one; but far from idling his 
time away, he studied nine languages, 
including Sanskrit and Chinese, along 
with his regular lessons. 

The precociousness that he showed at 
such an early age was only the prelude 
to an equal facility in learning the science 
to which he was to dedicate his life: 
physics. At age eighteen he went to Har- 
vard University and graduated with hon- 
ors after only three years, in 1925. 


OPPENHEIMER 


To mark the occasion, his father gave 
him an exceptional present: a thirty-foot 
sailboat to provide relaxation from his 
studies. In this frail craft he sailed across 
the Atlantic Ocean to England. He had 
shown himself to be a good sportsman, 
but the aim of the voyage was not only 
sport. As soon as he reached port, he set 
out to visit the English research centers, 
which at that time were much more fa- 
mous than their U.S. counterparts. At 
Cambridge, for instance, there was Lord 
Ernest Rutherford, whose laboratory Op- 
penheimer started to frequent. He soon 
attracted attention there because of a 
characteristic rare in physicists: an apti- 
tude for experimental work, as well as 
for theoretical research, 

While at Cambridge, he was invited by 
Max Born, one of the most famous theo- 
retical physicists in Europe, to Göttingen, 
which was then a center of intense scien- 
tific activity and offered an environment 
that satisfied his desire both to learn and 
to assert himself. He had always had an 
innate need to be liked, which expressed 
itself in a strange, captivating charm that 
was to prove both a strength and a weak- 
ness. He received a doctorate from Gött- 
ingen in 1927, and after two years of 
further study at Ziirich and Leiden he 
returned to the United States. Unfortu- 
nately, however, he was soon found to 
have incipient tuberculosis and conva- 
lesced on a ranch that his father bought 
for him on the Alamogordo Desert, near 
Los Alamos, New Mexico. 


In 1927, with his thesis “On the Quantum The- 
ory of Continuous Spectra,” J. Robert Oppen- 
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= Unter ber AMISfONTUNA 


heimer received a doctorate from the Univer- 
sity of Göttingen, a leading center of physics. 


Seiner Magnifizenz des Rektors Profeffor Dr. Wilhelm Meinarbus 
ernennt 
die Mathematifdy-Maturmiffenftaftlicye Fakultét der Georg Ruguft-Univerfitàt 
durch ihren Dekan Profeffor Dr. Robert Pohl 


fierrn J. R. Oppenheimer aus Mew York 


zum Doktor der Philofophie. 


| Die von ibm vorgelegte Differtation: 
»3ur Quantentheorie kontinuierlicher Spektren« 
hat das Prädikat Ausgezeidynet erhalten; 


Die in Theoretifther Phyfik, Phyfikalifher Chemie und Mathematifder Analyfis 
am 11. Mai 1927 abgelegte mündliche Prüfung wurde febr gut beftanden. 
Jum 3eugnis deffen ift diefe Urkunde ausgeftellt und mit bem Infiegel ber Fakultat perfehen. 


Der Dekan 
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Séttingen, Leto m 102 Der Mathematif»MaturmiflenidaMinen Tarun 
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OPPENHEIMER 


From among the many teaching pos- 
sibilities offered him, he chose the chair 
at the University of California at Berke- 
ley “because,” as he paradoxically told 
the dean, “of the collection of French 
poets in your library.” At the same time 
he also taught at the California Institute 
of Technology, Pasadena. Often his pu- 
pils, intrigued by his careless charm, imi- 
tated his idiosyncracies: he smoked a pipe 
uninterruptedly, dressed with careful ca- 
sualness, and punctuated conversations 
with bursts of coughing, long silences, 
and sibylline replies. This austere and 
rather snobbish scientist spent most of 
his time in study, and even his hobbies 
were studious ones, He did not read the 
newspapers or listen to, or even own, a 
radio. It is said that he did not know 
about the 1929 crisis until a year later, 
since the thing did not concern him; and 
he showed the same lack of interest in 
politics. 


J. Robert 
Oppenheimer 


— 


In 1937 the news of the racial persecu- 
tions and the Spanish Civil War revived 
his interest in the lives of others and in 
human suffering. It was during this pe- 
riod that he shook off his indifference for 
political problems and aided left-wing 
causes. By 1940, however, when he mar- 
ried the biologist Katherine Harrison, his 
opinions were changing, chiefly because 
of the accounts of scientists who had 
come back from the Soviet Union and be- 
cause of that country’s ambiguous policy 
during the first phase of World War II. 

During this time Oppenheimer had a 
great influence on the development of 
physics. His contributions included the 
quantum theory of electrons and posi- 
trons, the theory of cosmic rays, and the 
theory of nuclear structure. At the out- 
break of World War II, studies in these 
areas were already well ahead in Ger- 
many; and suddenly many of the physi- 
cists who had been working on them dis- 
appeared from circulation. This fact, 


combined with information about the buy- 
ing up of certain materials, suggested that 
Germany was secretly working on the 
construction of nuclear weapons. These 
arms were the direct result of the discov- 
ery of nuclear fission. Since Anglo-Ameri- 
can scientists were convinced that re- 
search on such weapons was already far 
advanced in Germany, they advised the 
U.S. government of the need to under- 
take studies for the development of the 
same weapons. 

One of these scientists was Oppen- 
heimer, and in 1943 he was appointed 
director of the Los Alamos Laboratory 
near Santa Fe, New Mexico, With his 
engaging personality and his powers of 
persuasion, he inspired hundreds of sci- 
entists to abandon their academic posi- 
tions, interesting research, and regular 
lives in order to live in huts and carry 
out secret research for military purposes. 
This venture, officially known as the Man- 
hattan Project, culminated two years 
later, at Alamogordo, New Mexico, in the 
first atomic bomb explosion. 

After the war, in addition to his work 
as director of the Institute for Advanced 
Study, Princeton, New Jersey, from 1947 
to 1966, he served on various government 
committees, including the General Ad- 
visory Committee of the U.S. Atomic En- 
ergy Commission, of which he was chair- 
man. In these capacities he took an active 
part in the further development of atomic 
energy and in the question about its pos- 
sible consequences. In 1954, however, 
despite the favorable evidence given by 
his colleagues, he was declared to be a 
potential danger to the country and had 
his government security clearance with- 
drawn. Thereafter he continued to write 
and to serve as director of the Institute 
for Advanced Study until his retirement. 
He was awarded the Fermi Prize by the 
U.S. Atomic Energy Commission in 1963. 


OSLER, SIR WILLIAM (1849-1919) 


The British physician Sir William Osler 
was one of the best-known teachers of 
medicine, and his detail and writing style 
made his books among the most readable 
by physicians. Osler has been described 
as unsurpassed as an inspiration to medi- 
cal students. 

He was born at Bond Head in Ontario, 
Canada, and educated at the University 
of Toronto and at McGill University in 
Montreal. After receiving his medical de- 
gree from the latter school in 1872, he 
was a professor of medicine successively 
at McGill (1874-1884), Pennsylvania 
(1884-1889), Johns Hopkins (1889-1904), 
and Oxford (1904-1919) universities. 

His book The Principles and Practice 
of Medicine was the most popular medi- 


Sir William 
Osler 


cal textbook from the time it was fi 
published in 1892 until long after | 
death. Medical scholars still consi 
Osler one of the finest and most dedic: 
teachers and physicians of his timc 
made many clinical discoveries and con 
ducted numerous studies on disease: 
the heart and blood. 

Osler was created a baronet in 191 
Among his other published works : 
Aequanimitas (1904), An Alabama St 
dent (1908), Chorea and Choreiform A 
fections (1894), Angina Pectoris and A 
lied States (1897), and The Diagnosis 
Abdominal Tumors (1901). 


OSTWALD, FRIEDRICH WILHELM 
(1853-1932) 


One of the scientists who laid the | 
groundwork of modern physical cl 
istry was the German chemist Fried 
Ostwald. He did important research ir 
areas of the new physical-chemical 
ence, but it was mainly for his work 
defining the role of a catalyst that he w 
awarded the 1909 Nobel Prize in chen 
istry. 

Inspired by the work of Svante Arrhe 
nius, Ostwald early in his career became 


interested in electrochemistry and did 


much to publicize the views of Arrhenius. 
With another friend, Jacobus van’t Hoff, 


Friedrich Ostwald (Also, see photograph, p. 91.) 


he established the first journal of physical 
istry in 1887; and in 1888 he stated 
is known as the Ostwald law of 
ation of an electrolyte. He also did 
ch on the conductivity of organic 


che 


}, 894 Ostwald presented his defini- 
tio catalysis, stating that catalysts 


spi the rate of a chemical reaction 
wil t otherwise interfering with the 
su ies involved, This had important 
ay ‘ions in industrial chemistry. Ost- 
W iso devised a method for commer- 
ci roducing nitric acid by the cata- 


ly mversion of ammonia. 
was born in Riga, Latvia, and 


stu «l chemistry at the University of 
Di in what is now Estonia, receiving 
hi torate in 1878. After spending 
so me teaching at a high school, he 
We Jointed professor of chemistry at 


th iversity of Riga in 1881. From 1887 
to he was a professor at the Univer- 
sit Leipzig in Germany. Poor health, 
r, forced him to retire from the 
a ric world to his country estate near 


L , and from then until his death he 
de J his time to philosophical ques- 
tic nd also worked on a new theory of 
c \n energist, believing that chemi- 
c lies should be limited to measur- 
ab icnomena, he was one of the last 
sc ts to accept the atomic theory. 

o SIR RICHARD (1804-1892) 


British biologist Sir Richard Owen 
ioneer in vertebrate paleontology 
ar wolific writer on comparative anat- 


on le was also instrumental in setting 
Up. vational collection of natural history 
ir idon. 

iio was born in Lancaster. At age six- 
tecr: he was apprenticed to a surgeon and 
in 1524 went to the University of Edin- 
burgh to study medicine. After obtaining 


his medical degree at St. Bartholomew’s 
Hospital in London and practicing medi- 
cine for a short time, he became assistant 
to the conservator of the museum of the 
Royal College of Surgeons. In 1836 he 
was appointed professor at the Royal Col- 
lege, in 1849 he became the museum’s 
conservator, and in 1856 he was named 
head of the natural history department 
of the British Museum, In the last-named 
position he was successful in obtaining a 
new building to house the museum’s nat- 
ural history collection separately in South 
Kensington, London, He remained in this 
post until 1884, when he was knighted 
and retired to Richmond Park. 

Memoir on the Pearly Nautilus (1832) 
was the first of many noteworthy publica- 
tions by Owen. For almost fifty years he 
devoted his time to comparative anatomy, 
especially that relating to extinct animals 


and birds. He was very industrious, but, 
unfortunately, his works contain a num- 
ber of errors. 

Among his other notable works are 
Odontography (1840-1845), A History of 
British Fossil Mammals and Birds (1846), 
The Archetype and Homologies of the 
Vertebrate Skeleton (1848), History of 
British Fossil Reptiles (1849-1884), Com- 
parative Anatomy and Physiology of Ver- 
tebrates (1866-1868), Monograph of the 
Fossil Mammalia of the Mesozoic Forma- 
tions (1871), Catalogue of the Fossil 
Reptilia of South Africa (1876), and An- 
tiquity of Man as Deduced from the Dis- 
covery of a Human Skeleton (1884). 


PACINOTTI 


PACINOTTI, ANTONIO (1841-1912) 


The Italian physicist and inventor An- 
tonio Pacinotti is remembered chiefly for 
his invention, in 1860, of a dynamo with 
ring winding. He was also the first scien- 
tist to construct direct-current induction 
motors, in which he used metal rollers 
instead of brushes. In 1859 he built a 
model of an electromotor. Another of his 
accomplishments was introducing the 
first generator into use in Bologna. 


Using a lathe, among other tools, the Italian 
physicist and inventor Antonio Pacinotti care- 


fully and patiently constructed an early elec- 
tric motor. 
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Pacinotti was born in Pisa, Italy, and 
received his education at the university 
there. In 1862 he took up a post as an 
astronomer at Florence and two years 
later moved to Bologna, where he ac- 
cepted a professorship at the university. 
He became professor at the University of 
Cagliari in 1873 and then returned to the 
University of Pisa as professor of physics 
in 1882. 


PAPPUS (about A.D. 320) 


Pappus of Alexandria was a Greek ge- 
ometer who lived at Alexandria, the great 
seat of scientific learning. The only evi- 
dence as to the time he lived is the refer- 
ences to a solar eclipse in a commentary 
he wrote on Ptolemy's Almagest. 

He is known for his great work of eight 
books called simply Collection, written in 
about a.D. 340, It is a major source of all 
present knowledge of ancient Greek math- 
ematics. Only an incomplete form of the 
entire work survives. The first book ap- 
parently was lost, and others have been 
damaged by time. From what is extant of 
the work, it appears to have included the 
most important mathematical advances 
up to Pappus’ time. It contains problems 
and theorems of plane and solid geom- 
etry, as well as descriptions of mechanics 
and astronomy, 


PARACELSUS (1493-1541) 


The Swiss physician and alchemist Para- 
celsus was a precursor of Galileo. He 
was born Theophrastus Bombastus von 
Hohenheim; but while a medical student 
in Basel, he decided to adopt the name 
Paracelsus either to indicate his superi- 
ority over the Latin medical writer Celsus 
or, more probably, simply to Latinize 
his name (the German Hohenheim means 
“high dwelling”). 


Paracelsus studied medicine at Basel, Switz- 
erland, and later taught at the university there. 


Rawr 


Medicine at the time of Paracelsus was 
still a pseudoscience, composed chiefly of 
misconceptions, vitalistic notions, and 
alchemy mixed with false theories and 
fetishistic superstitions. The alchemists 
for their part carried on a long and fruit- 
less search for a universal panacea, the 
elixir of life, and the philosophers’ stone, 
which reputedly could transform base 
metals into gold. It was an era of collec- 
tive gold psychosis, induced by a real 
economic need, which was particularly 
acute in the German states, where there 
were much minting of coins and a smaller 
supply of precious metals than in the rest 
of western Europe. 

Paracelsus was a strange and rebellious 
boy, quite unlike his father, Wilhelm von 
Hohenheim, a dedicated doctor, who was 
the descendant of a family of feudatory 
nobles. Wilhelm was a mild and solitary 
man who, after the death of his young 
wife, devoted himself completely to his 
son and to his work. The child grew up in 
his native village of Einsiedeln, in the can- 
ton of Schwyz, alone with his father, 
whom he followed in wanderings through 
the woods, developing at a very early age 
the love of nature that was to remain 
one of his outstanding characteristics. In 
1502 they moved to Villach, in Carinthia, 
where the father had the double function 
of giving medical treatment to the miners 
and teaching chemistry in the school at- 
tached to the mines. 

After attending the Benedictine school 
at Lavanthal, Paracelsus continued his 
studies in Basel. He was a moody student 
who, for the most part, avoided his class- 
mates. This psychological need for soli- 
tude led Paracelsus to abandon his reg- 
ular studies and retire to Wiirzburg as 
the disciple of an eccentric scholar and 
abbot known as Trithemius, who taught 
him the basic principles of alchemy and 
the occult sciences. By 1515 he was a 
changed man, full of an insatiable desire 
to learn. In the ten years that followed, 
he traveled incessantly, heedless of the 
uncomfortable means of transport and 
the troubled times, journeying all through 
Europe, from England to the most eastern 
regions. Wherever he went he collected 
new prescriptions, tried unknown medi- 
cines, and, above all, observed nature. 

After a military interlude, when he 
took part in the war of the Netherlands 
as a surgeon, he settled in Strasbourg for 
a time and then moved on to Tiibingen 
and Freiburg, where he practiced med- 
icine. The fact that he was a member of 
the merchants’ and millers’ guilds and 
not those of the doctors and apothecaries 
would seem to confirm the accusation 
leveled at him by adversaries that he had 
no degree. 


Parace! 


He was extremely successful, howe 
and his fame reached Basel, wher 
was summoned by Erasmus of Rotter! 
to treat the printer Frobenius for w 
seemed to be an incurable fracture. P 
celsus lived up to his reputation a 
thanks to the influence of Erasmus, w 
held a position of particular authorit 
the European cultural world at that tin 
succeeded in obtaining a chair at the ui 
versity. This should have finally broug 
him security, but he seemed to constan 
alienate associates with his biting tong 
and even more biting pen, his non 
formist behavior, and his contempt | 
tradition, 

The students were enthusiastic ab 
this badly dressed professor who 
trigued them with experiments and 
provised lessons given in German rat 
than in Latin; but this enthusiasm wa 
little help to him. Nor was the pati: 
gratitude to this ill-tempered doctor, 
cured them with strange and unhear 
methods, of more avail. 

Part of his method was a mania Í 
cleanliness; it is impossible to establis 
today whether he clearly recognized th 
need for what came to be known as ase} 
sis or whether he managed to reduce th: 
number of infections and the contagious 
ness of diseases accidently as a side effect 
of his compulsiveness. It is certain, how- 
ever, that he had divined the right way. 

He also had the merit of realizing that 
medicine had to become an experimental 
science. At that time, doctors frequently 
had recourse to magic for their prescrip- 
tions and methods of treatment; for ex- 
ample, to treat a wound it was also neces- 
sary to treat the sword that caused it. 
Such practices struck Paracelsus as mon- 
strous, and he therefore turned his efforts 
to combating them and working for their 
elimination. For this reason he cham- 
pioned the experimental method. 

Paracelsus was firmiy convinced that 
the human body and life were the result 
of chemical reactions and that the secrets 
of the workings of the body should there- 
fore be sought in chemistry. He was 
aware that alchemy was thoroughly dis- 
credited and that consequently it would 
be difficult to win acceptance for its 


methods in the search for medicines. He 
knew, however, that he was on the right 
track, and this gave him the strength to 
ht and to uphold his thesis in the face 
ficulties. 

himself prepared the medicines 
wi which he treated his patients, and 
he usually distributed them free. His pa- 
ti.» were so numerous that his popu- 
] 
J 


seriously affected the chemists who 
from the sale of extremely compli- 
í prescriptions drawn up by the other 
fi ‘s of the time. Thus, he antagonized 
caries and doctors, as well as the 
sors of the university. Because they 
not combat Paracelsus on scientific 
{ |, they resorted to intrigue and 
‘ vr. Paracelsus was, in fact, not above 
ti ich, and he often roamed drunk 
a d the town. When he had the au- 
d to incite the students to burn the 
W of Avicenna and Galen in 1527, 
h olleagues animosity reached its 
p and they persuaded the Basel au- 
t} es to expel him from the town on a 
€ © of depravity and blasphemy. 
bittered, Paracelsus took refuge in 
C: ar, where he set up a laboratory in 
a uw and continued his experiments 
a ‘sumed his writing. He was increas- 
ir attracted by occult sciences, astrol- 


T p his father in his administrative duties 
a ien, France, Blaise Pascal devised an 
a ) machine that was designed not only for 


le alculations but also for very complex 


ogy, and, finally, religion. He even aban- 
doned his medical practice in order to 
devote himself to spreading God's word 
among the mountain inhabitants of Ap- 
penzell from 1531 to 1534. From there he 
went to Innsbruck and then to the Tirol, 
to Engadine, and finally to Vienna. 

A brief period of peace and content- 
ment followed, during which he returned 
to Villach to see his father. For yet an- 
other affront to official science, however, 
he was obliged to leave once more and 
to resume his wanderings. In 1541 he was 
in Salzburg, where the bishop, Prince 
Ernst of Bavaria, had granted him pro- 
tection and where, soon afterward, he 
died under mysterious circumstances, un- 
doubtedly alone and penniless. 


PASCAL, BLAISE (1623-1662) 


One of the most talented men of the fif- 
teenth century was the French mathema- 
tician, physicist, and philosopher Blaise 
Pascal. Deeply and sometimes fanatically 
religious, he tried to reconcile the rational 
and the mystical. This personal conflict 
helped him to success in the field of lit- 
erature and philosophy but prevented 
him from making full use of his abilities 
as a scientist. Nevertheless, he made im- 
portant contributions to mathematics, 


ones. It used a wheel method for reporting 
calculations automatically. Basically the same 
in principle as modern business machines, it 
made the present structure of computers pos- 


PASCAL 


particularly in the field of geometry. 

Pascal was born at Clermont-Ferrand, 
France, to a prosperous middle-class fam- 
ily. His father, Etienne, a magistrate 
greatly respected for his moral upright- 
ness, gave his son a strict education. The 
young Pascal was also influenced by his 
two sisters, who alleviated some of the 
harshness of the father’s teaching. It was 
the influence of his family that gave rise 
to the rigorous reasoning that was the 
keynote of Pascal’s scientific and philo- 
sophical thoughts. 

When he was but twelve years of age, 
he read Euclid’s Elements and immedi- 
ately grasped the sense of the work. He 
understood the fundamental geometric 
theorems; and following the reasoning 
of the famous Greek, he was able to 
reconstruct the logical development of 
geometry. During those years the Car- 
tesian approach to geometry was becom- 
ing popular. This consisted of turning 
geometric problems into algebra by as- 
signing numbers to the points of the geo- 
metric figures. With the Cartesian method 
the properties of the figures were dis- 


sible. Pascal spent a number of years in the 
construction and perfection of similar adding 
machines and procured a patent to protect 
himself from competition. 
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covered by calculation rather than by 
reasoning. Pascal rejected this method 
and always kept to generalized reason- 
ing; that is, deducing the properties of 
the figures themselves. This enabled him 
to tackle several of the most difficult the- 
orems in the then new projective branch 
of geometry. In particular, he was inter- 
ested in the theorems regarding the prop- 
erties of conic sections, on which he wrote 
a treatise at age sixteen, becoming the 
center of attention among the scholars of 
the time. 

When his father obtained an important 
administrative post at Rouen from Car- 
dinal Richelieu that involved making 
many long, difficult calculations, Pascal, 
convinced that calculation could be 
mechanized in a more practical way than 
by using an abacus, decided to help his 
father by making a device that was ba- 
sically the same in principle as modem 
business machines. He introduced the use 
of the wheel for carrying forward num- 
bers in mechanical calculation and com- 
pleted the working model of the machine 
when he was twenty-one years of age. 
This invention made the present struc- 
ture of modern computers possible, but 
more than a century was to pass before 
such machines were made for mass dis- 
tribution. 

Pascal relied heavily on direct experi- 
mentation, and he decided to solve funda- 
mental problems about which scientists 
could not agree. Some scientists wanted 
to refute Evangelista Torricelli’s experi- 
ment, maintaining that the barometric 
vacuum could not exist. They believed 
that what appeared above the column of 
mercury in the barometer was nothing 
but rarefied air. Pascal refuted the rare- 
fied air theory, and this brought him into 
the difficult area of the mechanics of 
fluids, He was able, however, to formu- 
late the famous principle of the constancy 
of the transmission of pressure inside 
liquids. 

His father’s fall from a horse in 1646 
was a decisive event: two Jansenists with 
ideas of religious reform entered the fam- 
ily circle as surgeons. The ascetic Jan- 
senist ideal fired the young Pascal; and 
his health, which was poor already, be- 
came worse because of overwork and be- 
cause of the penances that he practiced. 
At doctors’ suggestions that he lead a 
life more fitting for a young man of 
twenty-eight, he again turned to more 
worldly pursuits. The most important 
problems for him became scientific ones, 
and this was the most profitable time for 


his studies on combinatorial analysis and 
the calculus of probability. These two 
important branches of mathematics re- 
quired a logical mind, and Pascal contrib- 
uted notably to them. 


Blaise Pascal 


After a short time he had another mys- 
tical crisis and was convinced that he had 
to withdraw from the world and live with 
the scholars at Port Royal. His health be- 
came worse and worse. Without losing 
his courage, however, he wrote the Pro- 
vincials, eighteen violently polemical let- 
ters in defense of the Jansenist movement, 
for which he risked being condemned by 
the pope. He also wrote on the cycloid, 
the curve generated by the rotation of a 
point placed on the periphery of a rolling 
circle. In 1658 he published, under the 
pseudonym of Amos Dattonville, a series 
of problems on the squaring of the cy- 
cloid, challenging other mathematicians 
to find the solutions he had obviously 
reached. These were his last scientific 
works. His last years were spent in physi- 
cal suffering and religious preoccupa- 
tions. 


PASTEUR, LOUIS (1822-1895) 


The word pasteurized, appearing on 
containers of milk and some other bever- 
ages, is a daily reminder of the work on 
fermentation done by the French biolo- 
gist and chemist Louis Pasteur, who de- 
veloped pasteurization, a process of par- 
tial sterilization of certain perishable 
foods by heat. He also did important re- 
search on infectious diseases and is par- 
ticularly noted for developing a vaccine 
for rabies, 

Pasteur began his studies on fermenta- 
tion in 1856 when he was asked to find 
a way of preventing beer and wine from 
souring, since spoilage had been causing 
great losses and was endangering the 
beer and wine industries of France. Using 
a microscope, he examined the yeast in 
good and sour beer and wine and found 
that the yeast globules in the good beer 
and wine were round, while those in the 
sour beer and wine were elongated. He 
concluded that there are two types of 
yeast—one producing alcohol, and the 
other, lactic acid. 


During the course of these investiga- 
tions, Pasteur demonstrated that fermen- 
tation is caused, not by chemical decay, 
as had been previously believed, but by 
microorganisms in the yeast and that cer- 
tain types of microorganisms are needed 
for proper fermentation to take place. He 
found that heating beer and wine before 
setting them aside to age would kill any 
remaining yeast, including the lactic acid 
one, and therefore prevent souring. This 
process came to be known as pasteuriza- 
tion and is widely used today in the food 
industry. 

Pasteurs discovery that fermentation 
is caused by microorganisms carried in 
the air formed the basis for Joseph Lis- 


ter’s work on antiseptic surgery and led 
Pasteur himself to the question of spon- 
taneous generation, which at that time 
was having a revival. By a series of elabo- 
rate experiments he demonstrated that 
microorganisms do not grow in ŝltered, 
sterile air, proving beyond doubt that 
there is no such thing as spontaneous 
generation, 

Famous for his solution to the problem 
of the French beer and wine industries, 
Pasteur was then asked to inve ite a 
disease of silkworms that was thre.tening 
the French silk industry. In 1865 he found 
two bacilli responsible for two types of 
disease in silkworms and recom) nded 
separating the healthy from the di ased 
worms and killing the latter, thereby 
bringing the infection under contro! and 


saving the French silk industry. 

Some of Pasteur’s most brilliant work 
was in the field of communicable dis- 
eases. He developed the so-called germ 


With the aid of a microscope, Louis Pasteur 
pioneered in bacteriology. In 1865 he found 
the organisms responsible for disease in silk- 
worms and helped save the silk industry. 


Louis Pasteur 


t and devoted many years to isolat- 
iy e organisms responsible for such 
as anthrax, chicken cholera, 
erysipelas, and rabies. He found 
t : could inoculate animals against 
< and chicken cholera by using at- 
t d organisms—disease-causing or- 
£ s whose virulence had been re- 
d «i—and that anthrax germs could be 
t ted by heating. In 1881 he suc- 
c lly demonstrated his method of im- 
I ition against anthrax by inoculat- 
i cep with attenuated anthrax germs, 
ai had similar success with chicken 
ci è germs. 
ies, however, presented a more dif- 
fi problem, Since a rabies germ could 
n located under the microscope, it 
not be isolated for preparation in 
, which had been Pasteur’s 
l for finding ways of attenuating 
tho other disease germs. Correctly as- 
st that the organism existed but was 
t iall to be seen through his micro- 
5 Pasteur proceeded to cultivate it 
animals and devised an ingenious 
f attenuating it. After discovering 
he disease attacks the spine, he re- 
xl the spinal cords of infected rab- 
stored them in sterile air, and from 
ti- material prepared a vaccine that 
ccuid prevent rabies in dogs. 
he rabies vaccine also proved valua- 
ble as a treatment. In 1885 Pasteur suc- 
fully inoculated a young boy, Joseph 
ister, who had been bitten by a rabid 
dog. This life-saving treatment for rabies, 
or hydrophobia as it is known in man, 
brought Pasteur worldwide fame and in 
1888 led to the founding, by public sub- 
scription, of the Pasteur Institute to pro- 
mote further research on rabies. ( During 
the Nazi invasion of France in World 
War II, Meister was working as a gate- 
keeper at the institute; and rather than 
comply with the Nazis demand that he 
open Pasteur’s tomb, he committed sui- 
cide, ) 

In addition to his pioneering work in 
bacteriology, Pasteur made a major con- 
tribution to chemistry. He was one of the 
first investigators in the field of stereo- 
chemistry and found that racemic acid is 
composed of a mixture of two optically 
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different forms of tartaric acid crystals, 

Pasteur was born at Dôle, France, and 
received his education at the Royal Col- 
lege of Besançon and the École Normale 
in Paris. He wished to become a professor 
of fine arts and was considered a medi- 
ocre student in chemistry until he was in- 
spired by the lectures of the noted chem- 
ist Jean Baptiste André Dumas. In 1848 
Pasteur was appointed professor of phys- 
ics at Dijon and a year later became a 
professor of chemistry at the University 
of Strasbourg. From 1854 to 1857 he was 
professor of chemistry and dean of the 
science faculty at the University of Lille. 
He became director of scientific studies at 
the École Normale in 1857 and remained 
there until 1863, when he was appointed 
professor of geology, physics, and chem- 
istry at the École des Beaux-Arts in Paris. 
After serving as professor at the Sor- 
bonne from 1867, he became head of 
the Pasteur Institute on its founding in 
1888 and spent the rest of his life in that 
capacity. 

Pasteur’s contributions to science were 
widely recognized during his lifetime. 
For his work on stereochemistry he was 
awarded the Rumford Medal of the 
Royal Society. After using his prestige 
and influence to pressure French physi- 
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cians into adopting sterile procedures, he 
was made a member of the French Acad- 
emy of Medicine in 1873. He was elected 
a member of the Academy of Sciences in 
1862 and a member of the French Acad- 
emy in 1881. 


PAULI, WOLFGANG ERNST 
(1900-1958) 

The Swiss physicist Wolfgang Pauli 
formulated the Pauli exclusion principle, 
which states that two electrons in an atom 
cannot exist in the same state. For this 
discovery he was awarded the 1945 Nobel 
Prize in physics. 

Pauli was bom in Vienna, Austria, 
son of a physical chemistry professor. He 
studied physics under Amold Sommer- 
feld at the University of Munich, Ger- 
many, where he received his doctorate in 
1921, and then served as assistant to Max 
Born at the University of Géttingen, Ger- 
many, and to Niels Bohr at the University 
of Copenhagen, Denmark. In 1923 he 
joined the faculty of the University of 
Hamburg, staying there until 1928, when 
he became professor of theoretical phys- 
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The Swiss physicist Wolfgang Pauli not only 
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quantum theory but, through his publications, 
also decisively influenced its evolution. 
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ics at the Federal Institute of Technol- 
ogy in Ziirich, Switzerland. 

Pauli announced his exclusion princi- 
ple in 1925 as he was attempting to ex- 
plain an idea known as the anomalous 
Zeeman effect. Bohr and Sommerfeld 
earlier had worked out energy levels of 
electrons with hydrogen atoms, which 
could be expressed as three quantum 
numbers, This theory, however, did not 
explain the anomalous Zeeman effect; 
and in trying to explain it, Pauli con- 
cluded that another quantum number 
must exist. The exclusion principle is a 
fundamental factor in the structure of 
matter and is essential in describing 
atomic nuclei properties and the elec- 
trical conductivity in metals. Pauli’s Col- 
lected Scientific Papers was published in 
1964, 


PAULING, LINUS CARL (1901— ) 


The first person ever to win two full 
Nobel Prizes was the U.S. chemist Linus 
Pauling. For discovering the principles 
governing chemical bonds and the struc- 
ture of molecules, he was awarded the 
1954 Nobel Prize in chemistry; and for 
his efforts directed toward encouraging 
the cessation of all nuclear-bomb testing, 
he was awarded the 1962 Nobel Peace 
Prize. 


Linus Pauling 


Pauling was born in Portland, Oregon, 
and in 1922 eamed a degree in chemical 
engineering at Oregon State College. 
Three years later he received his doctor- 
ate in chemistry from the California In- 
stitute of Technology, Pasadena, where 
he had already begun working in 1922 
and where his entire career was centered: 
as research fellow (1925-1927); assist- 
ant professor of chemistry (1927-1929); 
associate professor (1929-1931); profes- 
sor (from 1931); and director of the 
Gates and Crellin Laboratories of Chem- 
istry (1936-1958). He was elected to the 
U.S. National Academy of Sciences in 
1933, 


In his research, he first concerned him- 
self with applying quantum mechanics 
to chemistry and worked out a compre- 
hensive explanation for chemical bonds 
based on the theory that electrons join up 
in pairs. These studies resulted in the 
discovery of such fundamental principles 
as directed valence and the hybridization 
of bond orbitals, the partially ionic nature 
of single bonds, and the effect of res- 
onance on molecules. 

During the mid-1930s Pauling became 
interested in the study of protein mole- 
cules and advanced the idea that they 
are in the shape of a helix, being the first 
scientist to construct an accurate model 
of a protein molecule. Through his studies 
of hemoglobin molecules, he found that 
sickle-cell anemia is a hereditary molecu- 
lar disease. He also worked out a theory 
of how general anesthesia is induced 
through molecular action. 


PAVLOV, IVAN PETROVICH 
(1849-1936) 


The Russian physiologist Ivan Pavlov 
became famous for his work in the physi- 
ology of digestion, for which he was 
awarded the Nobel Prize in physiology or 
medicine in 1904. His interest in the 
neural aspects of digestion led him to 
research on the formation of the condi- 
tioned reflex, work which proved to be 
more important than that for which he 
received the Nobel Prize. 

Pavlov’s work in digestion was mani- 
fold. He discovered the secretory nerves 
to the pancreas in 1888. Through the de- 
vice of the gastric pouch, he was able to 
observe the effects of sham feeding on 
dogs. The gastric pouch received food 
intended for the dog’s stomach; Pavlov 
could show that since the animal's gastric 
juices would flow nonetheless, another 
factor, namely the stimulation of nerves 
in the mouth by food, caused the secre- 
tion. In like ways he demonstrated that 
the sight or smell of food also stimulated 
gastric flow, indicating the presence of a 
psychic factor, 

Having determined the place of the 
vagus nerve in gastric activity and shown 
that gastric juice acidity remained con- 
stant, Pavlov posited three phases of di- 
gestion. These were nervous, pyloric, and 
intestinal. It was these conclusions on di- 
gestion for which he was awarded the 
Nobel Prize. 

Pavlov’s work on the conditioned reflex 
grew in part out of I. M. Sechenov’s the- 
ory of brain reflexes. Sechenov held that 
mental phenomena were based on physi- 
ological processes, just as nervous activity 
was known to be. This constituted a re- 
jection of mind-body dualism, which 
Pavlov thought was inherent in tradi- 


The opening remarks at the first 
the XV Congress of Physiologists 


by the Russian scientist Ivan Pay! 18 
known for his work relating to th ve 
processes. 

tional psychology. Food placed Ps 
mouth will cause the flow of gast ce, 
This Pavlov considered an unco! red 
response. He was able to den ite 
that the animal can be condition: n- 
other stimulus that will elicit ti me 
apparent response. In a now fan X- 
periment Pavlov rang a bell eac le 
food was placed in a dog's mou he 
animal came to associate food a le 


bell sound and was conditioned | 0- 
duce gastric flow at the sound of t 1l, 


even in the absence of food. Pavlov. ‘+d 
to explain higher mental processes, = ch 
as that of language in humans, with his 


theory of conditioned reflexes that grew 

out of these experiments. There is, how- 

ever, no valid proof for his hypotheses. 
The methods used by Pavlov in con- 


Using a dog, Ivan Pavlov demonstrated that 
through conditioning, a stimulus other than the 
original can elicit the same response from an 
animal as the original. 


OSS eee a ae 


ducting these experiments were very in- 
fluential in the development of the meth- 
odology of the psychology of learning. He 
is also credited with introducing aseptic 
surgery and the objective, repeated ex- 
periment into physiology. 

P. lov was born at Ryazan. He origi- 
nali intended to become a priest but left 
the | ecological seminary in 1870 to study 


nai»! science at the University of St. 
Pe! burg. After receiving his medical 
de in 1883, he spent two years of 
fu study in Germany. He was direc- 
to physiology at the St. Petersburg 
Ir te for Experimental Medicine for 
fo ve years and also held the chair in 


p! logy at the Military Medical Acad- 
er was at the academy that he car- 
r it most of his experiments until the 
S government provided him with a 
1 ory of his own at Koltushig. 

as a vociferous critic of the Com- 
r government until his death, but 
t ernment tolerated his criticism be- 
c his position in the scientific com- 
y 


y His theories are still popular in 
th iet Union today, though they have 
dir hed in authority elsewhere. His 
pu? ved works include The Work of the 
Di. ive Glands (translated 1902), Con- 
dit l Reflexes (translated 1927), and 
Co ned Reflexes and Psychiatry 
(tr sted 1941), 


PE, ROBERT EDWIN (1856-1920) 
U.S. explorer Robert Peary was the 


fi ın to reach the North Pole, He 
fe reat hardship in his struggle to do 
sc | his endurance was tested again 


ain, 

y was born in Cresson, Pennsyl- 
v After graduating from Bowdoin 
C ze, Brunswick, Maine, he joined the 
U. Navy as a civil engineer and parti- 
ci) cd in an engineering survey for a 
proposed canal through Nicaragua. The 
project, however, never came to fruition. 
His first trip to Greenland was made in 
1886, when he set out from Disko Bay 
and sledged over the Greenland ice sheet 
for 100 miles, further than anyone had 
gone before. In 1891 he returned with 
seven companions. After spending the 
winter in Hvalsund, making friends with 
the Eskimos, they sledged 1,200 miles to 
the northeast of Greenland. On this sec- 
ond trip Peary discovered Independence 
Fjord and determined the insularity of 
Greenland. 

He made further expeditions in 1894, 
1896, and 1897, but his progress was 
halted by the heavy concentration of ice. 
In 1898 he formally announced his drive 
to find the North Pole, and the Peary 
Arctic Club of New York was formed to 
give support to his ventures. 


He spent four years looking for routes 
and testing his ideas about survival, Con- 
vinced that Arctic explorers must live like 
Eskimos, he experimented with living in 
igloos and with fishing and hunting for 
food. 

During this period the ship Roosevelt 
was built to Peary’s specifications. It uti- 
lized 1,000-horsepower steam engines, 
and its wooden hull was made especially 
strong to enable the ship to crash through 
the icy barriers, Previously, explorers had 
relied on sails, with engines as simply a 
secondary source of power. 


Robert Peary 


In 1905 the Roosevelt carried Peary’s 
party to Ellesmere Island. He returned 
to Ellesmere Island in 1908, and in March 
1909 he left Cape Columbia on his suc- 
cessful journey to the pole. Twenty-seven 
people started on the expedition, but the 
sledging was arduous and many dropped 
out along the way. When Peary finally 
reached the pole, he was accompanied by 
a Negro aide, Matthew Henson, and four 
Eskimos. 

Arriving home, Peary found to his dis- 
may that Frederick Albert Cook claimed 
to have reached the North Pole in 1908, 
before Peary. Most scientists, however, 
credit Peary with discovering the North 
Pole. 

The northernmost section of Greenland 
was named Peary Land in his honor. In 
1911, in recognition of his achievement, 
he was named a rear admiral in the U.S. 
Navy. 


PERRIN, JEAN BAPTISTE (1870-1942) 


The French physicist Jean Baptiste 
Perrin first became known for his study 
of cathode rays. More important, how- 
ever, was his calculation of Avogadro's 
number through study of Brownian move- 
ment, work for which he was awarded 
the 1926 Nobel Prize in physics. 

In 1895 Perrin proved that cathode rays 
consist of charged particles and are not a 
form of wave motion. The fact that cath- 
ode rays can penetrate sheets of glass and 
other materials had given rise to the 


PERRIN 


theory that they were waves. Perrin col- 
lected cathode radiation in a metal cylin- 
der, which became negatively charged. 
By bombarding a negatively charged 
fluorescent screen with the rays, he also 
demonstrated that a negative electrical 
charge repelled them. These experiments 
showed conclusively that cathode radia- 
tion consists of negatively charged par- 
ticles. 

Perrin’s work prepared the way for J. J. 
Thompson’s experiments in 1887. Thomp- 
son determined the mass of cathode-ray 
particles, demonstrating that they are 
much smaller than atoms. 

At the beginning of the twentieth cen- 
tury, Dalton’s atomic theory was not yet 
completely accepted, Friedrich W. Ost- 


With a microscope, Jean Baptiste Perrin 
counted the particles in a drop of water, which 
led to his determination of Avogadro’s number 
and demonstrated the existence of atoms. 
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wald was the chief opponent of those who 
accepted the hypothesis that matter is 
composed of atoms. In an attempt to prove 
the atomic theory, Perrin studied Brown- 
ian movement. Through a microscope 
he counted the number of small particles 
suspended in a drop of water. He found 
that the density of particles at different 
heights in the solution could be predicted 
by equations worked out by Einstein in 
1905. Noting the rate of diffusion of par- 
ticles in the solution, Perrin was able to 
calculate the approximate size of atoms 
and molecules by actual observation. The 
results of this experiment enabled him to 
determine Avogadro's number, the num- 
ber of molecules in a gram molecule of 
any substance. It was for this work, which 
convinced the scientific world of the 
existence of atoms, that Perrin received 
the Nobel Prize. 


Jean Baptiste 
Perrin 


Perrin was born at Lille, France, and 
earned his doctorate at the École Nor- 
male Supérieure in Paris. He was pro- 
fessor of physical chemistry at the Uni- 
versity of Paris until his anti-Fascist 
activities forced him to flee to the United 
States in 1941. Thereafter he continued 
to support the liberation movement from 
New York until he died. 

His work on cathode rays was pub- 
lished in Comptes Rendus in 1895, and 
his papers on Brownian movement ap- 
peared in 1909. His book Les Atomes, 
originally published in 1913, is considered 
a classic of scientific literature. 


PERUTZ, MAX FERDINAND 
(1914- ) 

For developing techniques that made 
feasible the structural analysis of pro- 
teins, Max Perutz, Austrian-born British 
chemist and crystallographer, shared the 
1962 Nobel Prize in chemistry with John 
C. Kendrew, a colleague at Cambridge 
University. Perutz is known best for his 
work on the structure of hemoglobin and 
for opening the way to solving the struc- 


ture of crystalline proteins by x-ray anal- 
ysis. (See John Cowdery Kendrew. ) 

Perutz was born in Vienna and at- 
tended the University of Vienna from 
1932 to 1936. The following year he went 
to England and began his research on 
hemoglobin at the Cavendish Laboratory 
of Cambridge University, where he ob- 
tained his doctorate in 1940. At Cam- 
bridge, in 1947, Perutz and Kendrew 
founded the Medical Research Council 
Unit (later, Laboratory) for Molecular 
Biology. This was the site of such break- 
throughs as solving the structure of DNA 
(dioxyribonucleic acid) and the discovery 
of the nature of the genetic code. 

In 1937 Perutz and others took the first 
x-ray diffraction pictures of crystals of 
hemoglobin and chymotrypsin. It was 
known then that all chemical reactions in 
living cells are catalyzed by enzymes, and 
it was suspected that all enzymes are 
proteins; but without a knowledge of 
their structure, their catalytic function 
could not be understood. To solve their 
structure, it was necessary to determine 
the sequence of amino acid residues along 
the polypeptide chain and to study their 
three-dimensional nature. X-ray crystal- 
lography proved to be the most effective 
method for the latter problem, to which 
Perutz devoted most of his time between 
1937 and 1953. In the latter year he added 
a single atom of a heavy metal, such as 
mercury or gold, to each molecule of 
protein and found the diffraction picture 
to be considerably altered. (The heavier 
an atom is, the more efficiently it diffracts 
x-rays. ) 

Applying Perutz’ method to the muscle 
protein myoglobin, Kendrew and his as- 
sociates obtained the first three-dimen- 
sional picture of that protein in 1957. 
Perutz and his colleagues obtained a 
three-dimensional picture of hemoglobin 
two years later. 

In 1962 Perutz and Hilary Muirhead 
demonstrated that the reaction with oxy- 
gen in hemoglobin is accompanied by a 
change in the structure of the molecule. 
This discovery had wide applications in 
the study of other enzymatic changes. 

Meanwhile, as a sideline Perutz was 
interested in the flow of glaciers. In 1938 
he worked on a crystallographic study 
of the transformation of snow into glacier 
ice, and in 1948 he and his colleagues 
proved that glaciers flow fastest at the 
surface and slowest near the bed. 


PETRIE, SIR WILLIAM MATTHEW 
FLINDERS (1853-1942) 

For more than fifty years Sir Flinders 
Petrie conducted large archaeological ex- 
peditions in Egypt and Jerusalem. He is 


recognized for his discoveries and his 
development of new methods of exca- 
vating. 

Petrie was born at Charlton, near 
Greenwich, England. A frail child, he did 
not attend regular school and was edu- 
cated privately. From 1892 to 1933 he 
was professor of Egyptology at Univer- 
sity College, London. 

The first of his many expeditions to 
Egypt took place in 1880; and over the 
years he excavated many temples, pyra- 
mids, and ancient cities and towns. Among 
his major discoveries were the painted 
pavement at Tell el Amarna, the temples 
at Thebes, the great burying ground at 
Abydos, and the Twelfth Dynasty jewels 
at Al Fayyum. 

Petrie was knighted in 1923. He pub- 
lished more than forty works and many 
plates. His autobiography, Seventy Years 
in Archaeology, appeared in 1931. 


PIAZZI, GIUSEPPE (1746-1826) 


The Italian astronomer Giuseppe Pi- 
azzi discovered the first minor planet, 
Ceres, and established that the proper 
motion of stars was a much more com- 
mon phenomenon than had previously 
been thought. While professor of mathe- 
matics at the University of Palermo in 
1780, he was instrumental in having the 
rulers of the kingdom of Naples establish 
observatories at Naples and Palermo. 

To prepare himself for the directorship 
of these establishments, Piazzi spent three 
years as an apprentice at the observato- 
ries of Paris and Greenwich. While in En- 
gland he met William Herschel, the En- 
glish astronomer; and it is said that he 
fell off the ladder of Herschel’s great re- 
flecting telescope and broke his arm. 

On his return to Palermo, Piazzi 


At the instigation of the Italian astronomer 
Giuseppe Piazzi, the Bourbon rulers of Naples 
established an observatory there. 


Giuseppe Piazzi 

m | with great accuracy the positions 
of stars; the resulting catalog made 
hi ernationally famous. These obser- 
vi made between 1792 and 1813, 
pr that the proper motions first ob- 
se by Halley are common to almost 
all He also discovered the dim star 
61 ni, which he showed to have a 
ver pid proper motion. 

0l, while making his systematic 
ob tions of the stars, Piazzi noticed 
on t apparently changed its position 
ove: period of several days. Following 
its. orse, he deduced that it must lie 
bet. con Mars and Jupiter: its velocity 
was oss than that of Mars and greater 
the that of Jupiter. Before he could 
de ine the orbit of this body, which 
he ught was a planet, he became ill; 
ay was subsequently rediscovered 
by ron von Zach, Piazzi, however, is 
(o) d with the discovery, since he was 
th st to sight it. It was found to be 


a etoid, or minor planet, and was 
ri Ceres; its diameter is known to- 
d be 485 miles. 
zis discovery led other astrono- 
i to search for additional objects in 
t ume area of the sky where Ceres was 
fo ad; three other planetoids were dis- 
covered during Piazzi’s lifetime. Today 
1 than 1,600 minor planets are known. 
‘Vl thousandth planetoid to be discov- 
ered’ was named Piazzia in his honor, 
Piazzi, born in Ponte in the Valtellina, 
was a monk and priest of the Theatine 
order. His early education was in philos- 
ophy, and only later in life did he turn to 
the study of mathematics and astronomy. 


PICCARD, AUGUSTE (1884-1962) 


The Swiss physicist Auguste Piccard 
became well known as an explorer of the 
stratosphere and the deepest parts of the 
world’s oceans. His interest as a physicist 
in cosmic rays and the ion-filled layers of 
the stratosphere led to his early attempts 
to penetrate the upper reaches of the 
atmosphere. 

In 1913 Piccard, with his twin brother 
Jean, made a sixteen-hour balloon ascent 
from Ziirich; and in 1931 and 1932 he 
used an airtight aluminum gondola sus- 


pended from an hydrogen balloon, which 
he had developed himself, to ascend to 
record heights of 51,961 feet (Augsburg, 
May 1931) and 53,139 feet (Ziirich, Au- 
gust 1932). On these ascents he collected 
information on cosmic rays, radioactivity, 
and electricity in the upper atmosphere. 
The Augsburg ascent was the first pene- 
tration of the stratosphere by man and 
was twice as high as anyone had ever 
risen before. Piccard made twenty-seven 
ascensions before turning his energies to 
other work. 


PLANCK 


to a record depth of 10,335 feet off Capri 
in 1953. A depth of 13,287 feet was 
reached off the Mediterranean coast of 
Africa in 1954 by two French naval offi- 
cers in this ship. In 1960, two years after 
being acquired by the U.S. Navy, the 
Trieste descended 35,800 feet below sea 
level to the bottom of what is thought to 
be the deepest spot in the oceans, the 


In January 1960 
Auguste Pic- 
card's bathy- 

scaphe the 
Trieste de- 
scended 35,800 
feet below sea 
level to the 
bottom of the 
Marianas Trench. 


Auguste 
Piccard 


In the late 1930s his interests turned to 
the oceans; and in 1946, after a delay 
caused by World War II, construction 
began on his bathyscaphe, a navigable 
submersible ship consisting of an airtight 
steel sphere suspended from a heptane- 
filled float. It could descend to great 
depths, and the sphere served as an ob- 
servation cabin from which the divers 
could examine the ocean bottom. Unlike 
former devices, the bathyscaphe was not 
connected by cables to a surface ship; it 
descended by filling its tanks with water 
and ascended by jettisoning ballast. In his 
second bathyscaphe, the Trieste, Piccard, 
together with his son Jacques, descended 


Marianas Trench, off Guam in the Pa- 
cific Ocean. 

Piccard was born at Basel, Switzerland, 
and educated there and at Ziirich. He 
taught at the latter place from 1907 to 
1922, after which he was professor of 
physics at the Polytechnic Institute in 
Brussels, Belgium, In 1956 he published 
In Balloon and Bathyscaphe, an account 
of his explorations. 


PLANCK, MAX KARL ERNST LUDWIG 
(1858-1947) 

The greatest single influence on all 
branches of modern physical science was 
the quantum theory introduced by the 
German physicist Max Planck. For this 
outstanding contribution, he was awarded 
the 1918 Nobel Prize in physics. 

Planck was the first man to grasp one 
of the most important characteristics of 
the physical universe, the discontinuity of 
energy, which was to be confirmed in 
subsequent years by studies on atoms 
and their nuclei. Energy, before Planck’s 
time, was thought of as an entity that 
could take any value whatsoever; that is, 
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a continuous phenomenon. Planck’s work 
on blackbody radiation, however, led him 
to the conclusion that energy exists in 
finite, discrete packets; that is, it cannot 
take any arbitrary value and is discon- 
tinuous, Each of these packets is known 
as a quantum. The concept of quanta has 
since influenced virtually all of modern 
physical science. 


physics at the University of Kiel. In 1889 
he accepted a full professorship at the 
University of Berlin, where he taught for 
forty years and was also chancellor from 
1913 to 1914. He retired from teaching 
in 1928 but continued to write and study. 
He was president of the Kaiser Wilhelm 
Institute, a member of the Academy of 
Sciences, and a recipient of the Rockefel- 
ler Prize and the Planck Medal. 

The numerous honors that he received, 
however, could not compensate for the 
many losses that he suffered in his private 


Max Planck, celebrated for his quantum theory, 
with Its far-reaching effects on the physical 


sciences, received his first scientific inspira- 
tlon at the Maximilian Gymnasium in Munich. 


e « 


Planck was born at Kiel, Germany, to a 
family of theologians and jurists. When 
he was nine, his family moved to Munich, 
where his father had been appointed pro- 
fessor of law. His youthful interests were 
divided between art and science. At 
school he was brilliant at mathematics, 
but his ruling passion was music. While 
a student at the University of Munich, he 
was leader of the orchestra and choirs of 
a private musical society, played the 
organ for the religious ceremonies at the 
university, and composed music. He even 
succeeded in putting together a chamber 
operetta. Eventually, he dedicated him- 
self to science, which he had studied at 
the university, but music always re- 
mained a great solace to him. 

After three years at Munich he spent a 
year in Berlin studying physics with Her- 
mann von Helmholtz and Gustav Kirch- 
hoff and made a special study of the 
works of Rudolf Clausius, a founder of 
thermodynamics. Planck obtained his doc- 
torate from the University of Munich in 
1879 and lectured there until 1885, when 
he was appointed professor of theoretical 


life. From two marriages he had five chil- 
dren, but two of his sons died tragic 
deaths: one was killed at Verdun during 
World War I, and the other was killed 
by Gestapo agents in 1945 after he had 
taken part in an attempt on Adolf Hitler’s 
life. Planck was one of the few Germans 
who dared to protest the racial policies 
of Hitler, and as a result he was reduced 
to silence and oblivion. After the destruc- 
tion of his house in Berlin and the disper- 
sal of his library during World War II, 
Planck retired to Göttingen, where he 
spent the last two years of his life, hon- 
ored and respected. 


PLATO (427?—?347 B.C.) 


The Greek philosopher Plato, whose 
original name was Aristocles (“Platon” 
was a nickname referring to his broad 
shoulders), was born in Athens to aris- 
tocratic parents. He was a pupil of Socra- 
tes and the teacher of Aristotle, Plato 
was not a scientist but a metaphysician; 
nonetheless, his influence on the history 
of science is considered to be immense. 

By the time of Plato, Greek science 


was already well advanced. The Milesi- 
ans, with a scientific tradition going back 
to Thales, had attempted to explain nat 
ural phenomena, including human b 
havior, without recourse to superna‘ 
causation. This was a major step ford 
in science. Rudimentary experiments! nd 
observational techniques were de J- 
ing, which prompted open debate 
learned men on the validity of d 
rived from sense-experience. Mai 
ics, especially geometry, was con 
important enough to be studied Ya 
Plato’s thought, through his d es 


(which are extant) and his lectur: is 
Academy (which are lost), exert j- 
found influence on these trends, | ji 
atively and positively. The emp! m 
the supernatural in Plato’s cosm is 
thought to have retarded the gre £ 
objective astronomy; but at the sa ie 


this emphasis made astronomy 1 
spectable and acceptable to m u- 


dents, since many were oppose at 
they considered to be an athe p- 
proach, Plato was also hostile t n- 
atic experimentation and dis d 


observation. It is thought that hı > 
tarded the growth of observatior h- 


odology in many budding scier or 
political reasons he refused tech a 
high place in his system of societ it 
is possible that this influence od 
technical advance. Plato’s high r or 
pure mathematics, however, con 1, 
although indirectly, in a positivi o 
the growth of that science, His re m 
led students to mathematical stu: in 
his own time and in the Middle ; As 


well as at present. His direct cont: 1 
to mathematics was in the realm o 
theory; he despised applications. ‘ 
the influence of the Pythagoreans, |: 
rived the five (and only five) regi 
polyhedrons, which have equal sides 
equal angles, the so-called Platonic bod- 
ies. Kepler developed the first unitary 
scheme of the universe (a.p. 1596) through 
the study of this phenomenon. 

Plato denied that knowledge could be 
gained by interrogating nature; yet this 
is the basis of modem scientific method, 
without which scientific advance would 
have been impossible. Although it can be 
said that Plato did much to discourage 
the development of science, his contribu- 
tions to the philosophy of science were 
great; and his Academy organized hu- 
man thought and effort at Athens until 
it was closed by Emperor Justinian in 
A.D. 529. Plato’s views influenced the 
method of science for many centuries; 
whereas the views of Aristotle, who held 
scientific observation in high regard and 
practiced it himself, did not gain dom- 
inance until the thirteenth century. 
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POINCARE, HENRI (1854-1912) 


e French mathematician Henri Poin- 
ca made significant contributions to 
alr ost every area of applied mathematics. 
In dition to concerning himself with 
m matical theory, he also did import- 
an vork in the fields of physics and 
as ymy. 

aré—a cousin of Raymond Poin- 


c he French president during World 
y was born at Nancy, France, and 
€ l at the École Polytechnique and 
ti e des Mines. After graduating as 
a d mining engineer in 1879, he 
be a lecturer at Caen University. 
Ts \rs later he began his long asso- 


cis ith the University of Paris: in 
18: became professor of physical 
me s; in 1886, professor of mathe- 
ma physics and the calculus of prob- 


ab and, finally, professor of celestial 
mec cs. 

Ir area of pure mathematics Poin- 
eralized the idea of functional 


per ty in his theory of automorphic 
funi : and introduced Fuchsian func- 
Alt Henri Poincaré was primarily a math- 
em he was active in most scientific 
fie i was the author of many works on 


Henri 
Poincaré 


tions. He also applied non-Euclidean 
geometry to the theory of quadratic forms 
and did important work on integral 
curves, differential equations, and the 
theory of probability. 

Poincaré reconstituted analytical math- 
ematics and applied analysis to rational 
mechanics, physics, and astronomy. In 
his work on celestial mechanics he added 
to the theory of orbits in regard to the 
problem of three bodies. While working 
on the theory of periodic orbits, he 
founded the study of topological dynam- 
ics, which is considered to mark the be- 
ginning of modern topology. 

His contributions to physics were in 
his studies of the electromagnetic theory 
of light, electric oscillations, and the dif- 
fraction of hertzian waves. In his work 
on the dynamics of the electron, the re- 
sults of which were published in 1906, 
he independently arrived at some of the 
same conclusions as Einstein regarding 
the special theory of relativity. Poincaré 
stated that all velocities are relative and 
that nothing can exceed the speed of 
light. 


pertinent subjects, as well as a number of more 
general publications that propounded a rela- 
tivistic philosophy. 
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In recognition of his accomplishments 
he was made a member of the Academy 
of Sciences in 1887 and the French Acad- 
emy in 1909. He was elected a foreign 
member of the Royal Society in 1894. 
During his lifetime he wrote more than 
30 books, including several on the phi- 
losophy of science, and about 500 lesser 
works. 


POPOV, ALEKSANDR STEPANOVICH 
(1859-1906) 


The Russian physicist and electrical 
engineer Aleksandr Popov was one of 
the first men to investigate electro- 
magnetic waves as they were used later 
in wireless communication, An outstand- 
ing scientific contribution was the devel- 
opment of an apparatus for detecting 
lightning discharges at a distance. 

Popov was born in a Ural Mountain 
village and received his education at the 
University of St. Petersburg. After gradu- 
ating in 1883, he became an assistant in 
a physics laboratory and then joined the 
staff of a school at Kronstadt, where he 
later headed the physics department and 
began work on his device to detect light- 
ning discharges. This apparatus later was 
connected to a lightning conductor and 
became a successful instrument to study 
atmospheric electric discharges. 

In 1896 Popov was inspired by the 
news of Marconi’s new wireless telegraph 
and by 1898 was able to establish ship- 
to-shore communication with a Russian 
naval vessel. The Russian government 
was not impressed, however, and in 1901 
he returned to St. Petersburg as professor 
at the electrotechnical institute, later be- 
coming its director. 


PORTER, GEORGE (1920- ) 


While director of the Royal Institute 
of Great Britain, the British chemist 
George Porter shared half of the 1967 
Nobel Prize in chemistry with his former 
teacher the British chemist Ronald Nor- 
rish. The other half of the prize was given 
to the German chemist Manfred Eigen. 
The three were cited for their studies of 
extremely fast chemical reactions. (See 
Manfred Eigen; Ronald George Wrey- 
forth Norrish.) 

Porter was born at Stainforth, York- 
shire. After undergraduate work at Leeds, 
where he took his bachelor’s degree in 
1941, he served as a naval radar officer 
during World War II and then received 
his doctorate from Cambridge University 
in 1949. He remained there and from 
1949 to 1955 conducted the prizewinning 


53 


54 


POWELL 


work with Norrish. In 1955 Porter be- 
came professor of chemistry at the Uni- 
versity of Sheffield, where he continued 
his research independently, becoming 
Firth Professor of Chemistry in 1963, He 
was also professor of chemistry at the 
Royal Institute in London from 1963 until 
1966, when he was named its director and 
Fullerian Professor of Chemistry. 


George Porter 


He was elected a fellow of the Royal 
Society and of the Royal Institute of 
Chemistry, an officer of the Faraday So- 
ciety, and an honorary teacher at the Uni- 
versity of Kent. In addition, he served as 
assistant director of the British Rayon 
Research Association and as Remsen Me- 
morial Lecturer for the American Chemi- 
cal Society. His Chemistry for the Mod- 
ern World was published in 1962. 


POWELL, CECIL FRANK (1903— ) 

The work of the British physicist Cecil 
Powell made it possible to use the photo- 
graphic method in nuclear research. He 
also discovered the production of a new 
particle, the pi-meson, from cosmic radia- 
tion in the Earth’s atmosphere. For these 
achievements, he was awarded the 1950 
Nobel Prize in physics. 

Powell was born at Tonbridge, Kent, 
England, After receiving his doctorate 
from Cambridge University in 1927, he 
joined the staff of the University of Bris- 
tol as a researcher and was appointed 
professor of physics there in 1948. 

Powell early became interested in the 
use of photographic emulsions to record 
certain charged particles. As the particles 
passed through the emulsion, they picked 
up grains of silver iodide; and when the 
photographic plate was developed, these 
grains appeared as a line of dark specks. 
The faster the particles moved, the wider 
apart the dark grains. The distance be- 
tween the grains could be used to mea- 
sure the speed of the particles. The Wil- 


son cloud chamber technique was the 
method that had been used previously to 
investigate such particles, but it had 
limitations, 

During World War II, Powell and his 
colleagues at Bristol University worked 
to improve photographic emulsions. Their 
research resulted in the development of 
the Ilford halftone emulsion, which 
Powell used in 1947 to investigate cosmic- 
ray showers. He exposed some of these 
emulsions in the Pyrenees Mountains at 
9,000 feet above sea level. An analysis of 
the plates later revealed a new particle, 
one that varied from one discovered ear- 
lier by Carl David Anderson, whose par- 
ticle, called a meson, was considered 
proof of the theories of Hideki Yukawa. 
The new meson discovered by Powell 
was heavier than Anderson’s and was 
named a pi-meson, or pion, while Ander- 
son’s was named a mu-meson, or muon. 
Powell continued experimenting with 
photographic emulsions and launched 
balloons and rockets to investigate cos- 
mic-ray activity at heights of more than 
100,000 feet. 

In 1949 he was elected a fellow of the 
Royal Society and that same year won 
its Hughes Medal and in 1961 its Royal 
Medal. He coauthored Nuclear Physics 
in Photographs (1947) and Study of Ele- 
mentary Particles by the Photographic 
Method (1959). 


PRANDTL, LUDWIG (1875-1953) 


The German physicist Ludwig Prandtl 
is considered a pioneer in the field of 
aeronautics. His work led to many ad- 
vances in the designs of ships and air- 
planes. 

Prandtl was born at Freising, Bavaria. 
He qualified at Munich in 1900 with a 
thesis on elastic stability and in 1904 be- 
came professor of applied mechanics at 
the University of Géttingen, where he re- 
mained the rest of his life. In 1925 he was 
named director of the Kaiser Wilhelm In- 
stitute for Fluid Mechanics, 


His experiments on friction drag made Ludwig 
Prandtl a pioneer in the field of aeronautics. 


Prandtl’s first major discovery was of 
the “boundary layer” adjoining the sur- 
face of a body moving in air or water. 
This led to an understanding of friction 
drag and the way that streamlining re- 
duces the drag of such bodies. He also 
developed theories about turbulence and 


supersonic flow, and his research is con- 
sidered basic to aerodynamics. 
PREGL, FRITZ (1869-1930) 

By developing the elementary tech- 
niques of quantitative organic microanal- 
ysis, the Austrian chemist F Pregl 
became the founder of organic micro- 


chemistry. For this work he was awarded 
the 1928 Nobel Prize in chemist: 


Pregl was born at Laibach, Slovenia 
(now Ljubljana, Yugosl ). After re- 
ceiving his medical degree from the Uni- 
versity of Graz in 1894, he taught for a 
time at the Physiological Institute at 
Graz and then studied chemistry at the 


universities of Leipzig and Berlin, In 
1904 he became professor of } ologi- 
cal chemistry at the Medico-Ch al In- 
stitute at Graz; from 1910 to 19 > was 
professor of applied chemistry and head 
of the chemical department of nedi- 
cal school at the University of Ini. »ruck; 
and in 1913 he retumed to Gra lirec- 
tor of the Medico-Chemical Inst 

For a while Pregl practiced 1 icine, 
specializing in eye surgery. He nore 
interested in pure research, howe and 
began experimenting with the ysio- 
logical chemistry of bile acids. Since 


these acids could be obtained 7 in 
small amounts, he became interested in 
finding a method for analyzing quantities 
too small to be studied by ordinary chem- 
ical means. He set up delicate measuring 
instruments and by himself created most 
of the special apparatus needed for deal- 
ing with miniscule amounts of substances. 
This marked the beginning of organic 
microchemistry. By 1913 Pregl was able 
to apply his methods of microanalysis to 
amounts weighing as little as three milli- 
grams. Soon after the results of his work 
had been published in 1917, his micro- 
analytical techniques were adopted by 
organic chemists all over the world. He 
also devised a test for finding the func- 
tional capacities of kidneys and made up 
a mild iodine solution for use as an anti- 
septic. 

In 1914 he was awarded the Lieben 
Prize of the Vienna Academy. An honor- 
ary doctorate was conferred upon him 
by the University of Géttingen in 1920. 


PRIESTLEY, JOSEPH (1733-1804) 

The great achievement of the dissent- 
ing English minister and amateur chemist 
Joseph Priestley was the discovery of oxy- 


gen, though he also discovered several 


rington, he earned a doctorate of laws 
degree from the nearby University of 
Edinburgh. 

During a visit to London he met Ben- 
jamin Franklin, who had come to plead 
the cause of the American colonies. Frank- 
lin initiated him to the study of electri- 
city, which fascinated Priestley so much 
that two years later he wrote his brilliant 
History and Present State of Electricity, 
thereby gaining admission to the Royal 
Society. 

In 1767 he moved to Leeds, where a 
chance event introduced him to a new 
science, that of gases. While on a visit to 
a brewery, he was attracted by the gas 
that fermentation produced in large 
quantities and decided to experiment 
with it. Before long he discovered that 
this strange gas (now known as carbon 
dioxide) could be produced by pouring 
acid on chalk and that it had the property 
of dissolving in water. Having realized 
that it was an innocuous gas, he tried 
drinking the water and found it pleasant 
tasting. This is how soda water first came 
about. The discovery of the solubility 
of carbon dioxide in water was so impor- 
tant that Priestley was awarded the Cop- 
ley Medal by the Royal Society in 1773. 

At that time, to collect an artificially 
produced gas, it was necessary for the 
gas to bubble in a water-filled cylinder 
inverted over a container of water. As the 
gas gradually expanded, it rose in the 


other gases and invented systems for col- 
lect: em. Today his critics lament the 
fact tt he did not exploit his fantastic 
disco: es to demolish the theory of 
phlo n, the mysterious element that 
was ! to explain the phenomena of 
com! yn and various reactions among 
gasc iestley, however, unquestion- 
ingl; epted the phlogiston theory and 
did oroughly penetrate the signifi- 
cani lis own discoveries. 

I , who was born at Fieldhead, 
nea ds, England, lost his mother 
whe was seven and was reared by 
an of strong character and open 
min ) liked to entertain freethinkers 
in} me, She gave the boy a rather 
unc itional education, quite different 
fror teaching he had received from 
his vinist parents. Priestley was a 
dilis tudent but not an exceptional 
one ever, he had a talent for lan- 
gua; ind learned French, German, 
Itali ‘reek, Latin, and the rudiments 
of « ‘al ones on his own. He entered 
the ological College at Daventry 
aft local college had refused him 
adi n because of his daring opinions 
on mal sin and eternal damnation. 
At ing orders, he became a minister 
at ham, then at Nantwich, and fi- 
na Warrington, where he was in- 
vit teach languages and literature 
at ollege. While teaching at War- 
A e meeting with Benjamin Franklin in 
17 15 instrumental in Joseph Priestley’s 
de to pursue a scientific career. Inspired 


Joseph Priestley 


by Franklin, he became interested in electricity 
and even constructed an electrical cylinder 


machine. 


PROKHOROV 


cylinder, displacing the water. Priestley 
noticed that in certain cases, however, 
the gases, instead of collecting, dissolved 
in the water, and realized that if he 
wished to pursue his studies on the prop- 
erties of pure gases, he would have to 
modify the system of collecting them. He 
achieved success by replacing the water 
with mercury, 

Continuing with his research, he man- 
aged to produce a new gas by heating 
red mercuric oxide, Filled with his usual 
curiosity, he experimented to find the 
properties of this new gas and their effect 
on flames. Whereas some gases stifled 
them, this one kindled them: embers 
glowed brightly in it, and a candle grew 
brighter and burned more quickly. On 
making various animals breathe it, he 
found that they remained alive. This was 
the discovery of oxygen. Priestley, how- 
ever, thought that he was dealing with 
something like dephlogisticated air. 
Nonetheless, he had clearly discerned the 
elements function in respiration. With 
great courage he tned breathing the new 
gas himself and felt a pleasurable sensa- 
tion: breathing was easier, and he had a 
feeling of well-being. In 1774, while trav- 
eling in Europe, Priestley met Antoine 
Lavoisier in Paris. He communicated his 
recent experiments on oxygen to the 
French scientist, who used them in de- 
stroying the phlogiston theory. Priestley 
also discovered nitrogen, ammonia, nitro- 
gen dioxide, nitrous oxide, hydrogen chlo- 
ride, and sulfur dioxide. 

Priestley always championed the cause 
of liberty. Siding openly with the Amer- 
ican colonies, the French revolutionaries, 
and those who favored the separation of 
church and state, he thereby attracted the 
hostility of conservatives. On the evening 
of July 14, 1791, a mob instigated by the 
agents of King George III attacked and 
ravaged Priestley’s house. He took refuge 
in London; but two years later, realizing 
that he would never be left in peace in his 
native country, he went to the United 
States and settled in Northumberland, 
Pennsylvania, where he resumed his ex- 
periments, 


PROKHOROV, ALEKSANDR 
MIKHAYLOVICH (1916— ) 

The Soviet physicist Aleksandr Prok- 
horov shared the 1964 Nobel Prize in 
physics with his fellow Soviet scientist 
Nikolai Basov and the U.S. physicist 
Charles Townes. All three were honored 
for their fundamental research on the 
maser-laser principle. Basov and Prok- 
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horov discovered the maser principle in 
1953, and Townes is generally credited 
with inventing the first maser, (See 
Nikolai Gennadievich Basov; Charles 
Hard Townes.) 

Maser stands for microwave amplifica- 
tion by stimulated emission of radiation. 
The laser substitutes light for micro- 
waves, Basov and Prokhorov had to find 
a new method for amplifying electromag- 
netic radiation. They succeeded in cre- 
ating secondary waves at a sufficient rate 
of speed and knew that the next stop was 
to upset the equilibrium of the electrons 
forming the waves, while maintaining the 
energy levels, Townes later succeeded in 
doing this. 

The efforts of the three men created 
the field of quantum electronics, which 
applies quantum mechanics to electron- 
ics: matter and radiation are made to in- 
teract within measurable terms. Lasers 
and masers are practical offshoots of this 
branch of study. Prokhorov worked on 
the maser-laser principle beginning in 
1950. 

He was born in Atherton, Queensland, 
Australia, where his family had immi- 
grated from Russia for political reasons, 
After the Bolshevik Revolution in 1917, 
the family retumed to Russia; and in 
1939 Prokhorov was graduated from Len- 
ingrad University. In 1946, after serving 
in the army during World War II and 
being wounded, he became senior associ- 
ate at the P. N. Lebedev Institute of 

Physics in Moscow, a research arm of the 
U.S.S.R. Academy of Sciences, and re- 
mained in that position until 1954, when 
he was appointed head of its oscillation 
laboratory. Meanwhile, in 1951, he had 
received a doctorate in physical-mathe- 
matical sciences from the institute. He 
also taught at Moscow State University. 

In 1959 Basov and Prokhorov received 
the Lenin Prize for their discovery of the 
maser principle. The following year Prok- 
horov was elected a corresponding mem- 
ber of the U.S.S.R. Academy of Sciences, 


PTOLEMY (second century A.D.) 

Much of the work of the Greek astron- 
omer, geographer, and mathematician 
Ptolemy is noted mainly for its historical 
value. For more than 1,200 years his in- 
fluence was equaled only by that of Aris- 
totle. Ptolemy not only studied all the 
works of astronomy available at the time 
but also summarized them all in a single 
work, the Almagest, which was the only 
astronomical encyclopedia of undisputed 
validity until the time of Copernicus. 


Ptolemy also built instruments for observ- 
ing the sky, which enabled him to make 
many important discoveries; dedicated 
himself to geometry; applied trigonom- 
etry to astronomy, thereby giving astron- 
omy a strictly mathematical form; and 
made maps. 

Despite his enormous fame throughout 
the entire ancient world, almost nothing 
is known of Ptolemy's life, Both the date 
and the place of his birth are uncertain. 
His supposed birthplace was Ptolemais 
Hermii, a Greek colony in Egypt, where 
it is thought that he was born to Greek 
parents. As for his birth date, the only 
thing that can be determined, using his 
astronomical observations as a guide, is 
that he worked in Alexandria between 
127 and 151. 

Ptolemys astronomical work began 
with a catalog of 1,022 stars. Hipparchus 
had been one of the first scientists to think 
of cataloging the stars and drawing up 
celestial maps to see whether there was 
any change in the position of the stars; 
and his work served as a basis for Ptol- 
emy, who was able to make substantial 
amendments toward perfecting celestial 
cartography. The truest observations of 
ancient times were those carried out by 
Ptolemy, which provided a record of the 
variations in the light of the stars down 
through the centuries. 

Among the astronomical instruments 
devised by Ptolemy were the armillary 
sphere for calculation of the celestial co- 
ordinates, the mural quadrant for mea- 
suring the distance to the sun, and the 
rules for measuring the positions of other 
celestial bodies. By means of the obser- 
vations carried out with his instruments, 
Ptolemy was able to compile fairly ac- 
curate tables of the motions of heavenly 
bodies, which made it possible to set 
down exact calculations for interpreting 
their movement. 

Having invented the instruments for 
studying the stars and planets and having 
measured their movements with some 
precision, Ptolemy arrived at the theory 
of the movement of heavenly bodies. 
From this followed the geocentric theory, 
which had already been formulated by 
Hipparchus. It was expanded by Ptolemy, 
and until the fifteenth century it was uni- 
versally believed to be valid. 

By a system that was complex but geo- 
metrically without objection, Ptolemy at- 
tempted to explain the peculiarities in the 
motion of planets known as stations and 
retrograde motion. At certain points in 
their orbits the planets seemed to stand 
still, invert their motion, stop again, and 
then continue their motion in the original 
direction. It is now known that this oc- 
curs because the Earth and the planets 


move at different velocities in more or 
less circular, concentric orbits, Ptolem. 
however, imagined that the Earth was 
the center of a crystal sphere on whi 
the stars were placed and that the plo 
ets were placed on smaller concent 
spheres, with all the spheres moving 
different velocities, which would exp! 
the different mean velocity of the mo 
ment of each planet on the celestial va 
The retrograde motion and the stat 
could be explained by an epicyclie mc 
ment; that is, the planets moved 
smaller spheres, or epicycles, the cent 
of which were situated on, and attract: 
by, the larger sphere. 

In mathematics Ptolemy excelled as 
geometrician, He introduced the theorer 
which now bears his name, concernin 
a quadrilateral inscribed in a circl 
worked on the orthogonal projections « 
points on the celestial sphere; and drew 
up a table of chords, He also studie 
optical phenomena and invented a ca! 
endar, 

The maps in Ptolemy's Guide to Gs 
ography were based on word-of-mout! 
information from travelers and for thi 
reason were inexact, Ptolemy divided tl 
Equator into 360° and drew up meridia: 
and parallels, but he took the Earth 
circumference to be less than it actual 
is. This error was reflected proportion 
ally in the latitudes; as a result, Ptolemy’ 
maps showed the Earth to be extremely 
elongated, and the lands known at that 
time were all placed in the Northern 
Hemisphere. 

Understandably, he frequently arrived 
at mistaken conclusions, which, neverthe- 
less, were accepted for many centuries, 
His belief that a continent existed in the 
southem part of the Indian Ocean was 
disproved only by Captain Cook voy- 
ages in the 1770s. Because of Ptolemy's 
mistaken estimate of the extent of Bure 
sia, Columbus was led to underestima': 
the difficulty of the voyage to the East 
Indies and so set out, discovering Amer- 
ica along the way. 


PUPIN, MICHAEL IDVORSKY (1858-1935) 


The U.S. physicist Michael Pupin in- 

vented and designed devices basic to 
telephone and telegraph systems. He also 
discovered secondary x-ray radiation; and 
by using a fluorescent screen, he made 
possible short-exposure x-ray photog- 
raphy. 
By placing inductance coils at intervals 
along a transmitting wire, Pupin was able 
to extend the range of long-distance tele- 
phone communication, especially over 
cables. The Bell Telephone Company and 
German communications interests ac- 
quired Pupin's patent in 1901. 


Pupin was born in Idvor, Hungary 
(now in Yugoslavia), the son of illiterate 
parents. Five years after arriving penni- 
less in the United States in 1874, he en- 
roll. at Columbia University in New 
Yo: City and received his bachelor’s de- 
gr 1883. Later he studied physics and 
m- matics at Cambridge University in 
E. nd and at the University of Berlin, 
W he received his doctorate in 1889, 
'I llowing year he returned to Co- 

as an instructor in mathematical 


h 

I s, in 1892 he became a special pro- 
f of mechanics, and in 1901 he at- 
t the rank of full professor of elec- 


ti hanics, He was later appointed 
d r of the Phoenix Research Labora- 
te where he remained until his re- 


ti nt in 1931. His autobiographical 
F Immigrant to Inventor was pub- 
li in 1923. 


PU CELL, EDWARD MILLS (1912- ) 


e U.S. physicist Edward Mills Pur- 
e. hared the 1952 Nobel Prize in phys- 
i ith Felix Bloch for the discovery of 
n car magnetic resonance in solids, 
` -h proved useful for research in chem- 
i as well as in physics, Purcell, work- 
i at Harvard University, and Bloch, 
ing across the country at Stanford 
ersity, Palo Alto, California, achieved 
ame results at about the same time. 
Felix Bloch.) 
gether with his colleagues, Purcell 
vered a way to tune in to the fre- 
neies of atomic particles spinning in 
netic fields. This method, which in- 
ed absorption of radio-frequency 
es, opened up a new field of physics— 
netic resonance spectroscopy—which 
ded information on chemical bonds 

id atomic binding in liquids and solids 
ind on the structure of hydrocarbons. 
Purcell also contributed to radio astron- 
omy by helping detect the 21-centimeter 
line of neutral atomic hydrogen in extra- 
terrestrial radiation, making possible the 
determination of hydrogen distribution 
in galaxies, 

He was born in Taylorville, Illinois. 
After receiving his bachelor’s degree in 
1933 from Purdue University, Lafayette, 
Indiana, he spent a year at the Tech- 
nische Hochschule at Karlsruhe, Ger- 
many, as an international exchange stu- 
dent. He earned his doctorate at Harvard 
in 1938. During World War II he was 
at the radiation laboratory of the Massa- 
chusetts Institute of Technology, Cam- 
bridge, as the leader of the Advanced De- 
velopment Group on radar problems. In 
1949 he was appointed professor of phys- 
ies at Harvard. 

Purcell was elected to membership in 
the American Philosophical Society, the 


National Academy of Sciences, and the 
American Academy of Arts and Sciences. 
In 1962 he was appointed to his second 
term on the President's Science Advisory 
Committee, 


PYTHAGORAS (sixth century B.C.) 


Even the most elementary students of 
geometry are acquainted with the famous 
theorem of the Greek philosopher and 
mathematician Pythagoras that the square 
of the length of the hypotenuse of a right 
triangle is equal to the sum of the square 
of the lengths of its sides, Pythagoras also 
contributed to the knowledge of musical 
intervals and made interesting observa- 
tions in the field of astronomy. 

The exact dates of his birth and death 
are not known, but it is certain that he 
accomplished most of his work during 
the mid-sixth century ».c. He was bom 
on the Aegean island of Samos, and ac- 
cording to legend he traveled far and 
wide searching for wisdom. In about the 
year 530 ».c, he settled in the Greek col- 
ony of Crotona in southern Italy, where 
he founded the Pythagorean school of 
natural philosophy. Originally this cult 
was devoted to religion, but its interests 
grew to include reforms in political, 
moral, and social life. Since Pythagoras 


PYTHAGORAS 


believed in the transmigration of souls 
and taught that life was a time for the 
purification of the soul, he and his dis- 
ciples were vegetarians and advocated an 
ascetic mode of living. His ideas were 
cloaked in mysticism—a deviation from 
traditional Greek rationalism—and he re- 
garded his knowledge as a great secret 
to be shared with only his disciples; for 
this reason he left no manuscripts of his 
work. The secretive nature of all the 
Pythagoreans have made it difficult to 
determine exactly the extent of Pythag- 
oras’ contributions to astronomy and 
mathematics, 

In addition to presenting the Pytha- 
gorean theorem to the mathematical 
world, Pythagoras discovered the pecu- 
liar nature of irrational numbers, in par- 
ticular the square root of the number 2: 
no number or fraction when multiplied 
by itself will result in the number 2, He 
and his followers believed that everything 
in the world could be expressed by num- 
bers. 

His greatest scientific achievement was 
the discovery of the relationship between 


As a result of a series of experiments that ro- 
vealed the relationship that exists between 
mathematical ratios and musical Intervals, 


PITAGORAS 


Pythagoras found that even music Is ruled by 
mathematics, This discovery led to his con- 
cept of the harmony of the spheres, 
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PYTHEAS 


mathematical ratios and musical inter- 
vals. He found that, given the same 
amount of tension, dividing the length of 
a musical string in half would increase 
the pitch of the string one octave (the 
shorter the string, the higher the pitch). 
The musical interval called a fifth was 
produced when the ratio of the length of 
the strings was three to two; a ratio of 
four to three produced a fourth; and the 
blending of certain intervals produced 
a chord. Somehow he conceived of the 
idea that the spacing of the planets was 
equal to a musical progression, and this 
led to the concept of the harmony of the 
spheres. 


Pythagoras 


In the field of astronomy Pythagoras 
was one of the first men to notice that 
the morning and evening stars are the 
same body (known today as the planet 
Venus ). He was also the first proponent 
of the idea that the Earth and the uni- 
verse are spherical in shape. He thought 
that each heavenly body rotated around 
the central fire (a force controlling the 
universe ) in its own sphere or orbit. The 
concept of planetary spheres persisted for 
more than 2,000 years until it was dis- 
credited by Johannes Kepler, 

Even though the Pythagorean school 
was not political in nature, it did have 
great influence on the politics of the day. 
The Pythagoreans often openly supported 
the aristocrats and were at odds with the 
democrats. As the latter gained power, the 
Pythagoreans were suppressed and by the 
middle of the fifth century B.c. were 
wiped out altogether. Pythagoras himself 
was exiled from Crotona and fled to Met- 
apontum, where he was murdered about 
ten years later by an angry, politically 
motivated mob. 


PYTHEAS (fourth century B.C.) 

In the fourth century B.c. the Greek 
explorer, navigator, and geographer Pyth- 
eas sailed beyond the confines of the 
Mediterranean Sea and explored the 


Pytheas 


coastlines of lands bordering the North 
Atlantic, including those of Spain and 
the British Isles. In the accounts of his 
voyages, he also mentioned attempting 
to reach what he called Thule, which 
some historians think might have been 
Norway. 

Sailing on the open ocean, instead of 
the landlocked Mediterranean, he was 
the first Greek to observe real tides, Re- 
markably, he gave an accurate explana- 
tion for them, showing that their periodic 
fluctuations are related to the moon. His 
explanation, however, was not accepted 
until 2,000 years later, when Sir Isaac 
Newton explained lunar attraction, Pyth- 
eas also calculated the ratio of a sundial 
hand to its shadow during the summer 
solstice; and using observations of the 
sun, he managed to plot the latitude of 
Massilia (now Marseilles, France) with 
fair accuracy. 


In accounts of his travels the Greek explorer 
Pytheas mentioned a land over which the sun 
shone brightly at midnight. It is unlikely that 
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Pytheas was born at Massilia, then the 
westernmost Greek colony on the Medi 
terranean. The exact dates of his bi: 
and death are not known, and very ?-w 
of his writings are still extant. 


RABI, ISIDOR ISAAC (1898- ) 

The Austrian-U.S. physicist Isido; ri 
was awarded the 1944 Nobel P 1 
physics for work that made it poss: o 
accurately measure properties of s 
and molecules. Most of his work ce 1 
on phenomena connected with me c 
fields. 

While at Columbia University y 
York City, Rabi began to work wit 
lecular beams. He applied a techniq f 
deflection to study the hyperfine stri 
of atomic-energy levels. His work rv I 
in the development of a method tha 
mitted the measurement of both spi: l 
the hyperfine structure constant I, 
therefore, the evaluation of the nu ar 
magnetic moment. This method wi r 
generalized and extended to applic 
in the atomic clock, nuclear m 
resonance, and the maser and las: 

Rabi was born at Rymanow, 

(now in Poland), and moved v 

family to the United States when | 
a child. In 1919 he graduated fron 
nell University at Ithaca and in 
received ‘his doctorate at Columbia 


Pytheas ever got as far north as the 
region; but it is believed that this land, v 
he called Thule, might have been Norway 


LI 


Isidor ! 

For tv rs after obtaining his doctorate in 
1927, Rabi studied at various prominent 
Euro; stitutions, among them the Federal 


Technology in Zürich, Switzerland. 


ver ter further study in Germany, 
he d to Columbia to teach and in 
193 ime professor. From 1940 to 
194 as associate director of the ra- 
diat iboratory of the Massachusetts 
Insti £ Technology, Cambridge; and 


fron 6 to 1956 he was a member of 
xeral Advisory Committee of the 
Energy Commission. He also 
served on the United Nations Science 
Committee and the President’s Science 
Advisory Committee. In 1940 he was 
elected to the National Academy of Sci- 
ences, 


RAMAN, SIR CHANDRASEKHARA 
VENKATA (1888- ) 


For his discovery regarding the diffu- 
sion of light, the Indian physicist Sir 
Chandrasekhara Venkata Raman was 
awarded the 1930 Nobel Prize in physics. 
He was the first Asian to win a Nobel 
Prize in any of the sciences. 

His early researches were on optics, 
acoustics, and the theory of musical in- 
struments, After 1921 he began studying 
the diffusion of light. At first he used or- 
dinary sunlight; and later, using a spec- 
troscope, he studied monochromatic light 
produced by a mercury arc lamp. In 1928 


he announced the discovery that came to 
be known as the Raman effect, which re- 
fers to a change in the wavelength of 
light scattered by molecules and enables 
the observer to identify molecules by 
their characteristic frequencies. It be- 
came useful in determining the structure 
of molecules and also proved valuable 
for studying the physical states of liquids 
and crystals. 

Raman was born in Trichinopoly, Mad- 
ras, India, and educated at Presidency 
College and at Calcutta University, from 
which he received his doctorate in 1922. 
Since jobs in the sciences were scarce in 
India, Raman joined the civil service in 
1907 as an accountant. In 1917 he was 
made a professor at Calcutta University 
and remained in that post until 1933, 
when he became head of the Department 
of Physics at the Indian Institute of Sci- 
ences at Bangalore. From 1914 to 1930 
he was also a special lecturer in many 
Indian cities and in 1947 was appointed 
director of the Raman Research Institute 
at Bangalore. 

In addition to carrying out original 
research, Raman was active in stimulat- 
ing interest in the sciences throughout 
India. He established the Indian Journal 
of Physics in 1926 and served as general 
president of the Indian Science Congress 
in 1928. He also founded the Indian 


Sir Chandrasekhara Raman is well known for 
his teaching and for his work on the diffusion 
of light. The Raman spectra are used in qual- 
itative and quantitative chemical analyses. 


RAMON Y CAJAL 


Academy of Sciences and became its 
president in 1934. 

Among Raman’s many honors was his 
election to the Royal Society in 1924. He 
was kmighted in 1929 and was made a 
member of the Pontifical Academy of Sci- 
ences in 1961. 


RAMON Y CAJAL, SANTIAGO 
(1852-1934) 


The Spanish histologist Santiago Ra- 
mon y Cajal established that the neuron, 
or nerve cell, is the basic unit of the ner- 
vous system. He and the Italian scientist 
Camillo Golgi shared the 1906 Nobel 
Prize in physiology or medicine for their 
work on the structure of the nervous sys- 
tem. (See Camillo Golgi.) 

Raman y Cajal, the son of a physician, 
was born at Petilla de Aragon, Spain, Af- 
ter obtaining his medical license in 1873 
from the medical school of the University 
of Saragossa, he served for a year as an 
army surgeon in Cuba, then a Spanish 
possession. In 1875 he was appointed as- 
sistant on the medical faculty at Sara- 
gossa, where he devoted himself to the 
study of anatomy. Two years later he was 
promoted to extraordinary professor and 
in 1879 became director of the medical 
museum of Saragossa University, In 1883 
he went to the University of Valencia as 
professor of descriptive anatomy. He be- 
came professor of histology and patho- 
logical anatomy at the University of Bar- 
celona in 1887. Finally, in 1892, he took 
the chair of histology and pathological 
anatomy at the University of Madrid, 
where he stayed until his retirement 
thirty years later. While holding his post 
at Madrid, he also served as director of 
the newly founded Instituto Nacional de 
Higiene, beginning in 1900. 

About the time that Ramon y Cajal ob- 
tained his medical license, Golgi devel- 
oped his silver nitrate impregnation 
method for staining nerve cells and their 
fibers black while leaving the supporting 
tissue, or neuroglia, stained only faintly. 
Earlier staining methods had revealed lit- 
tle differentiation between the nervous 
elements and their neuroglia. 

In the 1880s Ramon y Cajal improved 
upon Golgi’s staining method and began 
to explore the then unknown workings of 
the cerebrum and cerebellum. Soon he 
worked out the complex connections of 
the cells in the gray matter of the brain 
and spinal cord, disproving the theory 
that the gray matter is a network of nerve 
fibers and tracing long nerve fibers that 
never fuse with any others. 
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Ramon y Cajal wrote multitudinous 
papers and books about his research; and 
he also wrote an autobiography, Recuer- 
dos de mi vida (1901; English translation, 
1937), and Charlas de Café (1920), 
which contains anecdotes and thoughts 
on a variety of subjects. He was elected 
a foreign member of the Royal Society of 
London in 1909. 


RAMSAY, SIR WILLIAM (1852-1916) 


The British chemist Sir William Ram- 
say, who discovered the elements known 
as noble gases, was awarded the 1904 
Nobel Prize in chemistry. During his 
early career he also made important dis- 
coveries in organic chemistry—ranging 
from a new bismuth mineral to the phy- 
siological action of certain alkaloids. 

His collaboration with Lord Rayleigh 
after 1894 led to the discovery of a new 
gaseous, inert element that they called 
argon, Subsequent investigations resulted 
in Ramsay’s isolation of neon, krypton, 
and xenon and, with Sir Robert Whytlaw- 
Gray, in his discovery of radon. Con- 
sequently, Ramsay gained the unique 
distinction of discovering a whole family 
of elements. 


Ramsay was born in Glasgow, Scot- 
land, the son of an engineer. Although he 
received a classical education, he was de- 
termined to make chemistry his career. 
He received his doctorate from the Uni- 
versity of Tiibingen in 1873 and the fol- 
lowing year became tutorial assistant 
there. In 1880 he was appointed profes- 
sor of chemistry at University College in 
Bristol and in 1887 succeeded A. W. Wil- 
liamson as professor of chemistry at Uni- 
versity College in London, where most of 
his research was carried out. 

He was elected a fellow of the Royal 
Society in 1888 and was made a knight 
commander of the Bath in 1902. His 
works include A System of Chemistry 
(1891), The Gases of the Atmosphere 
(1896 ), Modern Chemistry (1901), Intro- 
duction to the Study of Physical Chem- 
istry (1904), Essays Biographical and 
Chemical (1908), Elements and Elec- 
trons (1913), and Life and Letters of 
Joseph Black (1918). 


RAY, JOHN (1627-1705) 

The English naturalist John Ray is 
best known for his systems of natural 
classification of plants and animals. He 
was also the first to prepare a work to 
define species. His zoological activities 
have been described as the foundations 
of modern zoology and ornithology. 


In addition to discovering the elements known 
as noble gases, the British chemist Sir William 
Ramsay was professor of chemistry at Univer- 
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sity College in Bristol and later at University 
College in London and wrote several books, 


He was bom at Black Notley, Essex, 
England, the son of a blacksmith er 
receiving bachelor’s and master’: 


s dezvres 


from Cambridge, he held a successi“ of 
offices there until 1662, when he a d 
to work with his friend Francis l- 
lughby on a classification of plan d 
animals. 

Ray’s system of classifying pla s 


the first to distinguish the “dicotyl: 

and the “monocotyledones,” funda al 
to modern natural classifications. f o 
prepared the first systematic list f 
British plants. With its historical ini 

tion and elaborate arrangement È 
national flora, this was the most co e 
work ever published about plants 

eral. He also classified fish, animal 1 
insects. 

Ray was elected a member of the l 
Society of London in 1667. The R )- 
ciety, founded in his honor in 18 s 
devoted to the publication of w 1 
nature. His books include Histori 
tarum (1686), Synopsis methodi 
malium (1693), and Methodus plc 
emendata (1703). In addition to 
entific books, Ray wrote A Colle 
English Proverbs (1670) and A 
tion of English Words (1674). 


RAYLEIGH, LORD JOHN WILLIAM 
STRUTT (1842-1919) 

In 1904 the British physicist Joh: 
leigh received the Nobel Prize in pì 
for his discovery, in collaboration 
Sir William Ramsay, of the noble ele; 
tary gas argon. He became involved i 
search after reading Prout’s hypoth: 
that all atomic weights should be exa 
multiples of that of hydrogen. His experi 
ments with the atomic weights of oxygen 
and hydrogen proved once again the fal 
lacy of Prout’s claims; however, it did 
lead him into his collaboration with Ram- 
say. He also conducted researches on 
sound, wave theory, optics, color vision, 
electrodynamics, electromagnetism, hy- 
drodynamics, viscosity, and photography, 
as well as electrical measurements and 
standards. 

Lord Rayleigh was born near Maldon, 
Essex, England, and educated at Trinity 
College, Cambridge, where he graduated 
senior wrangler in 1865. From 1879 to 
1884 he was head of the Cavendish Lab- 
oratory at Cambridge, and in 1887 he be- 
came professor of natural philosophy at 
the Royal Institution of Great Britain. 

He was elected a fellow of the Royal 
Society in 1873, serving as president from 
1905 to 1908. In 1902 he became an orig- 
inal recipient of the Order of Merit and 
in 1905 a privy councilor. His writings 
include Theory of Sound (1877-1878) 
and Scientific Papers (1899-1920). 


REED, WALTER (1851-1902) 


The U.S. bacteriologist Walter Reed is 
known primarily for his studies on yellow 
fever. was largely due to his efforts 
that dread disease was eradicated. 

Rec as born at Belroi, Virginia, and 


educa at the University of Virginia 
and t ellevue Hospital Medical Col- 
lege w York City. On receiving his 
med gree in 1870, he set up private 
prac! r a time; but in 1875 he entered 
the / Medical Corps as a lieutenant. 
In ll ter many years of service, he 
was ted professor of bacteriology 


and microscopy at the Army Med- 
| in Washington, D.C. 


Walter Reed 


the Spanish-American War, 


the in outbreak of typhoid fever 
and fever among U.S. troops serv- 
ing In 1900 Reed was sent there 
bee llow fever had reached epi- 
den »ortions, It was then believed 
that isease was spread by contact 
with ted patients, but Reed began 
stud an earlier theory that it was 
tran d by the bite of a mosquito. 
Beca ellow fever was strictly a hu- 
By a s of experiments on humans, Walter 
a ved that yellow fever is transmitted 
e AB 


Aédes aegypti mosquito. 


man disease, only people could be used 
in the tests. By a series of experiments, in 
which some of the participants lost their 
lives, Reed proved that the yellow fever 
parasite is carried only by the mos- 
quito later classified as Aédes aegypti. A 
team of U.S, sanitary engineers was then 
dispatched to Cuba and quickly eradi- 
cated the disease by destroying the mos- 
quito breeding grounds, Today yellow fe- 
ver has been largely eliminated from the 
world as a result of public health activi- 
ties, 

Reed was elected to the Hall of Fame 
for Great Americans in 1945. The Walter 
Reed Army Hospital in Washington, 
D.C., is named in his honor. 


REGIOMONTANUS. See Muller, Johann. 


REICHSTEIN, TADEUSZ (1897— ) 


The Polish-born Swiss chemist Tadeusz 
Reichstein shared in the 1950 Nobel Prize 
in medicine or physiology for discovering 
the structure and biological effects of the 
suprarenal cortex hormones. The other 
winners were E. C. Kendall and P. S. 
Hench (See Philip Showalter Hench; 
Edward Calvin Kendall.) 

Reichstein and his associates isolated 
twenty-six hormones of the adrenal cor- 
tex, One, which Reichstein named Sub- 
stance Fa, proved to be identical to E. C. 
Kendall's Compound E, later named cor- 
tisone. Reichstein succeeded in producing 
a partial synthesis of the compound de- 
oxycorticosterone, which was found to 
prolong the life of animals from which the 
adrenal gland had been removed and 
proved also to be the best means at the 
time for treating Addison’s disease (a 
deficiency of adrenal cortical function). 
Besides his researches on these steroids, 
Reichstein synthesized ascorbic acid (vi- 
tamin C) independently of Sir W. N. 
Haworth. 

Reichstein was born in Wloclawek, Po- 
land, the son of an engineer, and spent 
his early years in the Ukraine. The family 
left Russia in 1905, moving first to Berlin, 
Germany, and then to Ziirich, Switzer- 
land, where they became citizens in 1914. 
Reichstein obtained his degree in chem- 
ical engineering in 1920 and a doctorate 
in organic chemistry in 1922 at the Fed- 
eral Institute of Technology, Ziirich. 

After a period of conducting industrial 
chemical research, Reichstein held posts 
from 1930 to 1938 in the Department of 
Organic Chemistry at the Federal Insti- 
tute of Technology. In 1938 he became 
chairman of the Department of Pharma- 
cology and director of the Pharmacolog- 
ical Institute at Basel. In addition, he 
headed the organic division, including 
the laboratories. 


RICHARDS 


Reichstein was appointed director of 
the new Institute of Organic Chemistry 
in Basel in 1952, With his colleagues in 
1953 and 1954, he isolated and explained 
the structure of aldosterone, a hormone 
of the adrenal cortex that has a regulatory 
role in supplying salt and water to the 
body. Although he retired in 1960, he 
continued to direct a group of research 
students. He was elected a foreign associ- 
ate of the U.S. National Academy of Sci- 
ences in 1952. 


REYNOLDS, OSBORNE (1842-1912) 


The English engineer and physicist Os- 
borne Reynolds gained an international 
reputation for his work in hydraulics and 
hydrodynamics, His work on heat trans- 
fer, which led to revolutionary changes 
in the designs of boilers and condensers, 
and his development of the turbine 
pump were his greatest achievements. 
He formulated the theory of lubrica- 
tion, developed a theory on the law of 
resistance in parallel channels, and laid 
the mathematical foundations for studies 
of turbulence, In addition, he contributed 
to the idea of group velocity, studied 
waves and tidal motions in rivers and 
streams, and explained the radiometer. 
His activity is responsible for the terms 
Reynolds stress and Reynolds number, 
used in aerodynamics, 

Reynolds was born in Belfast, Ireland, 
and graduated from Queens’ College, 
Cambridge, England, in 1867. The fol- 
lowing year he became the first professor 
of engineering at Owens College, Man- 
chester, England, and stayed there until 
his retirement in 1905. He was elected to 
the Royal Society of London in 1877 and 
received its medal in 1888. His Scientific 
Papers were published in 1900-1903, 


RICHARDS, DICKINSON WOODRUFF 
(1895- ) 

A share of the 1956 Nobel Prize in med- 
icine or physiology was awarded to Dick- 
inson Richards, U.S. physician and physi- 
ologist, for making effective use of car- 
diac catheterization as a diagnostic tool. 
He won the prize with his colleague 
André F. Cournand and the German sur- 
geon Werner T. O. Forssmann, who pi- 
oneered the method by passing an opaque 
catheter through a vein in his arm into 
the right atrium of his heart and then 
having his chest x-rayed. (See André 
Frédéric Cournand; Wemer Theodor 
Otto Forssmann. ) 

Richards was eager to find a way of 
measuring pulmonary efficiency. By using 


61 


62 


RICHARDS 


cardiac catheterization, he was able to as- 
sess the flow, pressure, and gas content of 
blood as it enters the heart from the 
lungs. The method resulted also in more 
accurate diagnoses of heart ailments. 

Richards was born in Orange, New Jer- 
sey, and received his bachelor’s degree 
at Yale University. After serving two 
years in the U.S. Army during World 
War I, he earned his master’s degree in 
physiology and his doctorate from Co- 
lumbia University, New York City. He 
was on the staff of Presbyterian Hospital 
in New York City for a period of four 
years and then went to London, England, 
to work for a year at the National Insti- 
tute for Medical Research. Upon his re- 
turn to Presbyterian Hospital he began to 
study pulmonary and circulatory physiol- 
ogy. His collaboration with Cournand be- 
gan in 1931 at Bellevue Hospital, also in 
New York City, and lasted for more than 
twenty-five years. In 1945 Richards be- 
came professor of medicine and in 1947 
Lambert Professor of Medicine at Colum- 
bia University. He directed the Columbia 
medical division at Bellevue Hospital 
from 1945 until his retirement in 1961. He 
was elected to the National Academy of 
Sciences in 1958. 


RICHARDS, THEODORE WILLIAM 
(1868-1928) 


The U.S. chemist Theodore Richards is 
best known for his atomic weight determ- 
inations. In 1914 he received the Nobel 
Prize in chemistry for his work in this 
area. 

His laboratory investigations and those 
of his students led to the establishment 
of the atomic weights of about sixty ele- 
ments. The atomic weight values of the 
Belgian chemist Servais Stas had been 
considered as standard; but Richards re- 
vised some of these, lowering, for exam- 
ple, the value of silver from 107.93 to 
107.88. Through his investigations of the 
atomic weight of lead, he was also able to 
confirm the existence of isotopes. In addi- 
tion, he introduced the quartz apparatus, 
the bottling device, and the nephelome- 
ter, an instrument for measuring tur- 
bidity. 

Richards was born at Germantown, 
Pennsylvania, to an artist father and a 
poet mother. After graduating from Hav- 
erford College in 1885, he did advanced 
work at Harvard and in Europe. In 1901 
he became full professor at Harvard and 
stayed there the rest of his life. Besides 
science, his interests included art, music, 

and literature. 


RICHARDSON, SIR OWEN WILLANS 
(1879-1959) 


Formulation of what has come to be 
known as the Richardson law, concern- 
ing the emission of electrons and ions 
from heated surfaces, earned the English 
physicist Owen Willans Richardson the 
1928 Nobel Prize in physics. It also es- 
tablished him as one of the founders of 
atomic physics. 


Sir Owen Richardson 


The Emission of Electricity from Hot 
Bodies, written in 1916, describes Rich- 
ardson’s experiments with wireless valves. 
Rapid advances in radio communication 
were largely the result of his develop- 
ment of the hard thermionic valve. 

Richardson was born in Dewsbury, 
Yorkshire, England, and educated at 
Cambridge. In 1906 he moved to the 
United States to teach physics at Prince- 
ton University, in New Jersey, where he 
remained until 1913, when he returned 
to England. He devoted the rest of his 
life to research and to teaching at King’s 
College in London and the University of 
London. In 1913 he was elected to the 
Royal Society, and in 1939 he was 
knighted. 


RICHET, CHARLES ROBERT (1850-1935) 


The Nobel Prize in medicine or physi- 
ology was awarded to the French physi- 
ologist Charles R. Richet in 1913 for his 
work on anaphylaxis, the negative reac- 
tion of living organisms to injections of 
certain foreign proteins. The study of al- 
lergic phenomena led this French doctor 
to his discovery that repeated injections 
of particular serums over long periods of 
time could prove fatal to individuals 
whose systems were hypersensitive. 

Richet, the son of a Parisian physician, 
received his medical degree in 1877. Ten 
years later he joined the faculty of the 
University of Paris as professor of physi- 
ology. Although his actual vocation was 


in the field of medicine, Richet also dis- 
played considerable literary talents. As 
editor of the Revue Scientifique from 1887 
to 1902, he was able to combine both in- 
terests. In his youth he published a vol- 
ume of poetry under a pseudonym and 
later wrote several plays and novels. 
Many of his writings dealt with the sub- 
ject of pacifism and the problems of 
achieving and maintaining world peace. 

Richet’s contributions to the field of 
allergy study were launched in 1887 when 
he attempted to produce an immunity se- 
rum for tuberculosis sufferers. He injected 
bacterial substances called antigens into 
animals so that their systems would pro- 
duce countermaterial called antibodies; 
presumably the antibodies would with- 
stand the disease-causing effects of the 
bacterial antigens. Richet believed that 
a serum containing antibodies would give 
humans an immunity to tuberculosis. He 
first injected such a serum into a tubercu- 
losis patient in 1890 in hopes that it would 
free the afflicted system of the destructive 
antigens. 

Although his research did not result in 
a cure for tuberculosis, it did reveal to 
Richet the potentially dangerous effects 
of certain injected materials. Often a sec- 
ond dose of a particular antigen into an 
animal would cause a fatal shock; appar- 
ently the antibody produced was to 
blame. Richet’s term for this phenome- 
non, anaphylaxis, is Greek for “without 
protection.” 

Prior to his work with antigens and 
antibodies, Richet investigated the physi- 
ology of respiration, the regulation of 
body heat, and the possibility of treating 
epilepsy with potassium bromide, His 
belief that tuberculosis might be cured 
by feeding the patient raw meat was 
abandoned in the course of his search for 
a serum for that disease. 


RICKOVER, HYMAN GEORGE (1900- ) 


The U.S. naval officer and electrical 
engineer Hyman Rickover achieved prom- 
inence as a result of his contribution in 
developing nuclear propulsion systems 
for submarines and other naval vessels. 
His criticism of U.S. educational prac- 
tices also made him a somewhat contro- 
versial figure. 

Rickover was born in tsarist Russia but 
emigrated to the United States with his 
parents as a child and was reared in Chi- 
cago. After graduating from the U.S. Na- 
val Academy, Annapolis, Maryland, in 
1922, he entered the naval service, be- 
coming a qualified submariner in 1930. 
He requested engineering duty in 1937 
and enrolled in the U.S. Navy's postgrad- 
uate school at Columbia University in 
New York City, where he received a mas- 


Hyman #ickover 

ter’s e in electrical engineering. 
Dur orld War II he was put in 
char the electrical section of the 
Nay artment’s Bureau of Ships. 

A e war Rickover received in- 
stru nuclear physics and engineer- 
ing k Ridge, Tennessee, and was 
pla: charge of the navy’s nuclear 
proj program. Largely as a result 
of | forts, the U.S.S. Nautilus, the 
wor st nuclear-powered submarine, 
was hed in 1955. He then became 
chic actor research for the Atomic 
Enc mmission and helped develop 
the imental nuclear plant built at 
Shi; sort, Pennsylvania, in 1956-1957. 
Ric vas made a rear admiral in 
195 was promoted to the rank of 
vic al in 1959. 

I work in nuclear power and its 
suc applications Rickover received 
ag dal from the U.S. Congress in 
195 the U.S. Atomic Energy Com- 
mi ‘nrico Fermi Award in 1964. 
His ations include Education and 
Fr (1959), Swiss Schools and Ours: 
WI eirs Are Better (1962), and 
Am » Education: A National Failure 
(19 
RIEMANN, GEORG FRIEDRICH 
BERNHARD (1826-1866) 

Th. German mathematician Georg Rie- 
mann contributed many theories and 


methods that widely influenced later 
studies of mathematics, especially func- 
tion theory and geometry. His unique ap- 
proach to geometry made possible the 
general relativity theory of Albert Ein- 
stein. 

Riemann was born in Breselenz, Ger- 
many, and studied at Berlin and Got- 
tingen, where he obtained his doctorate 
in 1851. He remained at Göttingen, be- 
coming lecturer in 1853, assistant profes- 
sor in 1857, and professor in 1859. 

The Riemann approach to function 
theory was based on general principles 
and geometric ideas rather than on for- 
mal calculation. In his new approach to 
geometry, he studied the properties of a 
geometric space locally rather than in- 
sisting on one overall framework for the 


entire space. Other contributions in- 
cluded studies of Abelian functions, dis- 
tribution of primes, and airwaves of finite 
amplitude. He also gave the first mathe- 
matical treatment of shock waves. At 
least a dozen mathematical concepts and 
methods bear his name, including Rie- 
mannian geometry. 

His works were collected and pub- 
lished in 1876. There are also numerous 
books on his mathematical theories. 


ROBBINS, FREDERICK CHAPMAN 
(1916- ) 


Together with J. F. Enders and T. H. 
Weller, the U.S. pediatrician Frederick 
Robbins won the 1954 Nobel Prize in 
physiology or medicine for research on 
the poliomyelitis virus in tissue culture. 
Development of polio vaccine, new diag- 
nostic methods, and discovery of many 
new viruses resulted from their work. 
(See John Franklin Enders; Thomas 
Huckle Weller.) 

The three men devised techniques for 
cultivating the viruses of poliomyelitis in 
tissue cultures. Until then, technical prob- 
lems had hampered virologists in their 
attempts to use tissue culture, and inoc- 
ulation and observation of experimental 
animals was a long and unsatisfactory 
procedure. Robbins and his colleagues 
succeeded in substituting the test tube for 
the animals. 

Robbins was born in Auburn, Alabama, 
the son of a plant physiologist who be- 
came director of the New York Botanical 
Garden. After graduating from Harvard 
Medical School in 1940, he was resident 
physician in bacteriology and intern in 
medicine at Children’s Hospital, Boston, 
Massachusetts, for two years. During 
World War II he became chief of the virus 
and rickettsial section of the 15th Medical 
General Laboratory in the Mediterranean 
area. After the war he returned to Chil- 
dren’s Hospital to complete his hospital 
training in pediatrics. He joined Enders 
and Weller in 1948 in their research lab- 
oratory at the hospital, working there un- 
til 1950 as a National Research Council 
fellow in virus diseases. In 1952 he be- 
came director of the Department of Pe- 
diatrics and Contagious Diseases at 
Cleveland (Ohio) Metropolitan General 
Hospital and professor of pediatrics at 
Western Reserve University School of 
Medicine in Cleveland. 


ROBINSON, SIR ROBERT (1886— ) 
For his work with alkaloids, the British 
chemist Sir Robert Robinson was awarded 
the 1947 Nobel Prize in chemistry. Al- 
though his research was devoted mainly 
to the structure and synthesis of organic 
bodies and to the mesomerism theory, 


ROEBLING 


he and his colleagues also synthesized 
the steroid hormones and cholesterol. One 
of his major scientific contributions was 
the adumbration of a qualitative elec- 
tronic theory in organic chemistry. He 
also studied intramolecular rearrange- 
ments, hybrid molecules, and the struc- 
ture of penicillin and worked on a theory 
of the biological and abiological origin of 
petroleum. 

Robinson was born near Chesterfield, 
Derbyshire, England, the son of an in- 
ventor and manufacturer. Two years after 
receiving his doctorate in 1910 from the 
University of Manchester, he became the 
first professor of organic chemistry at the 
University of Sydney, New South Wales, 
Australia, and stayed there until 1915. 
Subsequently he held chairs of chemistry 
at Liverpool (1915-1920), St. Andrew’s 
(1921), Manchester (1922), University 
College, London (1928), and Oxford 
(1930-1955). After leaving Oxford he 
became a consultant and a director of 
Shell Chemical Company in London. 

In 1934 Robinson was elected a foreign 
associate of the U.S. National Academy 
of Sciences. He was knighted in 1939 and 
received the Order of Merit ten years 
later. From 1945 to 1950 he was president 
of the Royal Society, and in 1955 he 
headed the British Association for the 
Advancement of Science. He was also a 
recipient of the Copley, Davy, and Royal 
medals. 


ROEBLING, JOHN AUGUSTUS 
(1806-1869) and 
WASHINGTON AUGUSTUS (1837-1926) 

The U.S. civil engineer John Roebling 
was a pioneer in the design of modern 
suspension bridges. Together with his 
son Washington, he built the Brooklyn 
Bridge; but, unfortunately, that endeavor 
was marked by two tragic accidents. One 
led to his own death, and the second left 
his son an invalid. 

John Roebling was born in Miihl- 
hausen, Germany. After his graduation 
from the polytechnic school at Berlin, he 
emigrated to the United States and set- 
tled near Pittsburgh, Pennsylvania, where 
he opened the nation’s first wire rope 
factory. 

His first major design was for a sus- 
pended aqueduct across the Allegheny 
River in Pennsylvania. This was followed 
by a suspension bridge across the Monon- 
gahela River at Pittsburgh and by several 
other structures on the Delaware and 
Hudson Canal. From 1851 to 1855 he was 
involved in the design and construction 
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of a long-span wire suspension bridge at 
Niagara Falls, New York. Because of the 
success of this bridge, engineers switched 
from chain cables to wire rope cables in 
building future suspension bridges. His 
reputation grew with the design for a 
suspension bridge across the Ohio River 
at Cincinnati, Ohio, having a span of 
1,057 feet; and he was selected to build 
the mighty Brooklyn Bridge across the 
East River in New York City to connect 
Manhattan and Brooklyn. While oversee- 
ing the construction of this bridge, Roe- 
bling accidently crushed his ankle. Com- 
plications developed, and he fell victim 
to lockjaw. 


John Roebling 


Washington Roebling was born in Sax- 
onburg, Pennsylvania, Following in his 
father’s footsteps, he became chief en- 
gineer for the completion of the Brook- 
lyn Bridge. While overseeing the build- 
ing of underwater foundations for the 
bridge, he was stricken with caisson dis- 
ease (bends) and never fully recovered. 
He was able, however, to direct the con- 
struction of the bridge by observing the 
work through field glasses from the win- 
dow of the room where he was confined 
as an invalid. 


ROENTGEN, WILLIAM CONRAD 
(1845-1923) 


The first winner of the Nobel Prize in 
physics (1901) was the German physicist 
William Roentgen. He received the prize 
for his discovery of x-rays, or, as they 
are sometimes called, Roentgen rays. This 
discovery also won for him the Rumford 
Medal of the Royal Society in 1896. 

Roentgen was born at Lennep, Ger- 
many, but studied first in the Netherlands 
and then in Switzerland, taking his de- 
gree at the Zürich Polytechnic in 1866, 
After working as an assistant at Wiirz- 
burg and Strasbourg, he was appointed 
professor of mathematics at Hohenheim 

in 1875. He was subsequently appointed 
professor at the universities of Stras- 


bourg (1876), Giessen (1879), Wiirzburg 
(1880), and Munich (1900). His main 
studies were on the compressibility of 
liquids, the specific heat of gases, and 
certain aspects of electrodynamics. 

While experimenting with a highly ex- 
hausted vacuum tube on the conduction 
of electricity through gases, Roentgen no- 
ticed the fluorescence of a nearby barium 
platinocyanide screen. Investigating fur- 
ther, he found that this radiation passed 
through various substances opaque to or- 
dinary light and that it also affected pho- 
tographic plates. Because of its strange 
behavior, he did not look upon it as 
ordinary transversely vibrating light and 
guessed that it was due to longitudinal 
vibrations. He called these radiations, 
which he discovered in 1895, x-rays. 

Roentgen’s discovery fascinated not 
only scientists but also the general pub- 
lic. In a century when only ordinary light 
was known and the existence of infrared 
and ultraviolet radiations had barely been 
revealed, the discovery of a radiation that 
could penetrate through the human body, 
among other things, and render it trans- 
parent to the eye was something really 
extraordinary, There were some doubts, 
however, about the implications of Roent- 
gen’s discovery. Some people, for instance, 
considered that the x-rays were a threat 
to modesty. In New Jersey a law was 
passed prohibiting the use of x-rays in 
opera glasses lest they be used to see 
through clothes, and a London firm ad- 
vertised x-ray proof underwear, 

Roentgen spent the two years following 
the announcement of his discovery study- 
ing the properties of the new radiation. 
He found that it was invisible even 
though it had the property of rendering 
certain fluorescent substances luminous 
when it came in contact with them; that 
it exposed a photographic plate; and that 
it traveled in a straight line. Moreover, 
the substance with which it came in con- 
tact also emitted radiation, and the air 
through which it passed became a con- 
ductor of electricity, 

Roentgen’s discovery and his subse- 
quent studies paved the way for a great 
number of practical applications in the 
field of science and technology. The dis- 
covery provided physicists with an ex- 
tremely effective means of research. The 
new radiation allowed them to acquire a 
thorough knowledge of the structure of 
the atom and to understand the distribu- 
tion of its component elements. It en- 
abled them to see that radiation can be- 
have like a material particle striking 
another particle and to discover that it 
conveys energy in clearly defined and 
separate quantities, 

Almost immediately after the discovery 


it was realized that x-rays could prove 
extremely useful in medical investigation, 
The use of x-rays spread rapidly in the 
diagnoses of diseases of the bones and in- 
ternal organs. Soon, however, it became 
apparent that the new radiation con- 
cealed a dire peril, Its use without ade- 
quate protection caused permanent dam- 
age to tissue that had been exposed to it, 
Many doctors suffered mutilation and 
even death, often from leukemia, as a re- 
sult of exposure to x-rays. 

Roentgen received many well-deserved 
honors, but he gained no financial bene- 
fits from his discovery. He spent the last 
years of his life continuing his research 


William Roentgen 


Shortly after their discovery In 1895, x-rays 
were used to photograph the hand of Willlam 
Roentgen’s wife. Her ring showed up clearly 
and made the x-ray easily identifiable, 


on x-rays and on many other subjects, 
such as crystallography, infrared radia- 
tion, elasticity, and capillarity. 


ALFRED SHERWOOD (1894- ) 


5. zoologist and paleontologist 
ner is known for his contribu- 
evolutionary history of verte- 
his work in vertebrate paleon- 
received many awards and 


arly work was in muscle evo- 
»mbryological differentiation. 
esearch was concentrated on 
mary history of animals as re- 
ssil records. When he was a 
the University of Chicago, 
nterested in the fossils of the 
ian period and made a study 
iurs, a group of reptiles in- 
nammal evolution, and traced 
nary history from the reptiles 


dow igh the amphibians to the 
ance sh types. 

T} overy of a skull in the South- 
wes! 1920s led to Romer’s con- 
clus ıt many of the great animals, 
such lephants and sloths, lived in 
Nor ‘rica until relatively recently. 
Ror o made explorations in the 
Cai us beds of the Appalachians 
and la and was a member of two 
expi s to Argentina to study Trias- 


sic i 

K vas born at White Plains, New 
Yor educated at Amherst College 
in À rusetts, from which he gradu- 
ated i7. After receiving his doctor- 
ate ‘olumbia in New York City in 
1921 took up a career of teaching: 
anat it New York University Med- 
ical 1 (1921-1923), vertebrate pale- 


onto at the University of Chicago 
(1923-1934), and zoology at Harvard 
(after 1934), where he also was curator 
of vertebrate paleontology and director 


of the Museum of Comparative Zoology 
(1946-1961). Romer became professor 
emeritus in 1965. 

He was elected to the National Acad- 
emy of Sciences in 1944. His awards in- 
cluded the Thompson and Eliot medals 
of the National Academy of Sciences 
(1954 and 1956), the Hayden Memorial 
Geological Award of the Academy of Na- 
tural Sciences of Philadelphia (1962), 
and the Penrose Medal of the Geological 
Society of America (1962), Among his 
works are Vertebrate Paleontology 
(1933), Man and the Vertebrates (1933), 
The Vertebrate Body (1949), Osteology 
of the Reptile (1956), and The Verte- 
brate Story (1959). 


RONTGEN, WILHELM CONRAD. 
See Roentgen, William Conrad. 


ROSS, SIR JAMES CLARK (1800-1862) 


The British rear admiral and explorer 
Sir James Clark Ross, who carried out 
important magnetic surveys of the Arctic 
and Antarctic regions, was born in Lon- 
don, England. As a member of the Royal 
Navy, he accompanied his uncle Cap- 
tain John Ross on the latter’s first Arc- 
tic voyage in 1818. The next nine years 
were spent with Sir William Edward 
Parry on his four Arctic expeditions, and 
from 1829 to 1833 he again accompanied 
his uncle, reaching the North Pole in 
1831. 


Sir James Ross 


During an Antarctic voyage to conduct 
observations and reach the South Pole 
(1839-1843), he discovered the Ross Sea 
and Victoria Land. Impeded by the Ross 
ice shelf, he returned to Hobart for the 
winter but continued the voyage the fol- 
lowing November, probably sighting Ed- 
ward VII Peninsula and later charting 
Graham Coast. During intermittent pe- 
riods, Ross spent time searching for miss- 
ing ships—in 1836 he searched for missing 
whaling ships, and from 1848 to 1849 he 
looked for Sir John Franklin in H.M.S. 
Enterprise and Investigator. 

His Voyage of Discovery ... in the 
Southern and Antarctic Regions was pub- 
lished in 1847. He was elected a fellow 
of the Royal Society in 1848. 


An event of the 1818 Arctic voyage that James 
Ross made with his uncle Captain John Ross 
is depicted in a print of the time, which records 


ROSS 


ROSS, SIR RONALD (1857-1932) 


While serving as a young doctor in the 
Indian Medical Service, the British phy- 
sician Ronald Ross became interested in 
the theory that mosquitoes transmit ma- 
laria. His subsequent research and his 
discovery of the malarial parasite har- 
bored in the anopheles mosquito earned 
him the 1902 Nobel Prize in medicine or 
physiology. 

Ross, the son of an Indian army officer, 
was born at Almora, India. When he was 
eight years old, he traveled to England 
and there received his education, includ- 
ing a medical degree from St. Bartholo- 
mew’s Medical School. In 1881 he re- 
turned to India, where he began his 
lifelong fight to curb tropical disease. 

In addition to his responsibilities as an 
Indian Medical Service physician, Ross 
assumed the task of locating the malarial 
parasites in the bodies of mosquitoes. 
After collecting, feeding, and dissecting 
the insects for several years, he was able 
to identify cysts on the stomach wall of 
certain mosquitoes as one stage of the 
life cycle of the malaria parasite, Since 
his obligations to the Indian military pre- 
vented him from tracing this parasite to 
its development in human victims, he 
turned his attention to birds suffering 
from malaria. In 1897, when he discov- 
ered the parasite in the salivary glands of 
certain mosquitoes that had fed on in- 
fected birds, he realized that these in- 
sects were transmitting the fever from 
diseased birds to healthy ones. He 
thereby provided the key that would later 
unlock the door to a preventive for hu- 
man malaria. 

Upon returning to England in 1899, 


their meeting with Eskimos. Never having seen 
such a large ship, the Eskimos asked whether 
they had come from the sun or the moon. 
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In his fight against malaria, the British physi- 
cian Ronald Ross pursued the theory of its 


Sir Ronald Ross 


Ross joined the faculty of the Liverpool 
School of Tropical Medicine as a lecturer 
and later the University of Liverpool as 
professor of tropical medicine. In 1913 he 
accepted a position at King’s College 
Hospital in London as a physician of 
tropical diseases. During World War I he 
was a consultant on malaria in the War 
Office and afterward held the same posi- 
tion for the Ministry of Pensions. 

Sir Ronald Ross was not only a prom- 
inent bacteriologist but also the author 
of poems, novels, plays, and mathemat- 
ical studies. Knighthood was bestowed 
on him in 1911. 


ROUS, FRANCIS PEYTON (1879-1970) 

The U.S. research scientist Francis 
Peyton Rous shared the 1966 Nobel Prize 
in medicine or physiology with Charles 
B. Huggins. Working independently, 
both men made revolutionary discoveries 
in early cancer research, (See Charles 
Brenton Huggins.) 


transmission by mosquitoes and spent a period 
of several years conducting research thet in- 


volved, among other things, dissection 
insects. 


Rous’s major discovery began in 1909 
when a hen with breast cancer was 
brought to him, He set out to determine 
the specific agent that was known to carry 
the infection from one hen to another 
and in 1910 concluded that the malig- 
nant growths were caused by a virus, 
His work was scoffed at for years; but 
later, as other forms of cancer in animals 
proved to be viral, his thesis was vindi- 
cated. Researchers continued to investi- 
gate the possibility that this might also 
be true of some of the specific forms of 
the disease that attack humans. 

Rous also made pioneer discoveries in 
obtaining information concerning the 
gallbladder and liver. His research on 
the preservation of whole blood for trans- 
fusions made the first blood banks pos- 
sible, 


Francis Rous 


He was born in Baltimore, Mary! 
and in 1905 graduated in medicine Í 
Johns Hopkins University there. In | 
after working as an instructor in pai 
ogy at the University of Michigan 
joined the Rockefeller Institute for M 
ical Research (now Rockefeller Unive 
sity) in New York and remained the 
throughout his career, becoming a me 
ber in pathology and bacteriology in 192 

In 1927 Rous was elected to the N: 
tional Academy of Sciences and in 195 
received its Kovalenko Medal. His man 
other honors included the 1958 Laske: 
Award of the American Public Health 
Association and the 1966 National Medal 
of Science. 


RUMFORD, COUNT. See Thompson, Ben- 
jamin. 


RUSH, BENJAMIN (1745-1813) 


The U.S. physician and medical edu- 
cator Benjamin Rush, prominent during 
the revolutionary period, was instrumen- 
tal in the rise of U.S. medicine. He intro- 
duced clinical instruction at the Pennsyl- 
vania Hospital in Philadelphia and started 
a dispensary in that city. Active in the 
cause of the colonies, he was also one of 
the signers of the Declaration of Inde- 
pendence and served briefly as surgeon 
general of the army. 

Rush was born on a farm near Phila- 


delphia to a Quaker family and at age 


fifteen obtained his bachelor’s degree 
from ‘he College of New Jersey (now 
Princeton University). After six years as 
a me | apprentice in Philadelphia, he 
went the University of Edinburgh, 
Scot! for further study, receiving his 
medi ` degree there in 1768. The follow- 
ing) having returned to the colonies, 
he | professor of chemistry at the 
Coll: f Philadelphia (later merged 


witl Iniversity of Pennsylvania) and 
ofessor of the institutes of med- 
linical practices at the Univer- 


in 17 
icine 


sity « insylvania. 

H | great powers of observation 
and \ excellent descriptions of yellow 
feve: lera infantum, dengue, and 
rheu m, His medical study on men- 
tal c s, published in 1812, was the 


first matic American book on the 


subje \ believer in bloodletting and 
purg owever, he unfortunately some- 
time ‘ebled his patients. 

In ition to his medical activities, 
Rus! involved in the struggle for in- 
dep ce and wrote on many subjects, 
incl numerous social reforms: bet- 
ter tions for prisoners and mental 
pat higher education for women, 
an lie schools. In 1797 President 
Jo) ns appointed him treasurer of 
thy mal mint in Philadelphia, and 
he that office for the remainder of 
his 
RU BERTRAND ARTHUR WILLIAM 
RUS. 2) THIRD EARL (1872-1970) 

i Mnglish mathematician and phi- 
lo r Bertrand Russell was noted as 
mu‘. for his views on society as for his 
con butions to the mathematical world. 
His interests were many; and in addition 
to his other talents, he was a prolific 


When he won the 1950 Nobel 
Prize, it was not in any of the sciences 
but in literature. 

In the field of mathematics Russell at- 
tempted to set up a superior system of 
logic, making pure mathematics totally 
rigorous. This was an ambitious project 
but one doomed to failure. In 1903 he 
published The Principles of Mathematics; 
in 1919, his Introduction to Mathematical 
Philosophy. Along with A. N. Whitehead, 
he wrote Principia Mathematica in three 
volumes. He also wrote popular scientific 
books, such as The A.B.C. of Atoms (1923) 
and The A.B.C. of Relativity (1926). 

Russell was born at Trelleck, Mon- 
mouthshire, to a prestigious English 
family. Orphaned at age three, he was 
raised by his grandparents. His paternal 
grandfather, John Russell, was the prime 
minister of Great Britain from 1846 to 
1852 and from 1865 to 1866, and in 1861 


writ 


became the first earl Russell. The title 
was handed down to Bertrand, who be- 
came the third earl in 1931. Young Rus- 
sell received his early education from 
private tutors and in 1890 entered Trin- 
ity College, Cambridge, becoming a fel- 
low of the college in 1895. After serving 
in the British diplomatic corps and study- 
ing political philosophy in Germany, he 
returned to Cambridge in 1910 as a 
lecturer. 


Bertrand Russell 


Russell's political views colored every 
facet of his life. He was a staunch liberal 
and an adamant pacifist. Because of this 
stand during World War I, he was fired 
from his university post in 1916 and also 
spent some time in prison. In 1938 he 
went on a lecture tour in the United 
States but ran into difficulties because of 


RUSSELL 


his liberal views on morality. An appoint- 
ment at the City College of the City of 
New York was withdrawn in 1940, and 
a lecture contract was canceled in 1943. 
The following year he retumed to En- 
gland. During the so-called cold war of 
the 1950s he resumed his neutral but 
vocal pacifist stand and in 1961 was again 
imprisoned for a short time. 

Besides his books on mathematics and 
science, he also published works on phi- 
losophy and politics. In 1908 he was 
elected to the Royal Society, and in 1949 
he was awarded the Order of Merit. 


RUSSELL, HENRY NORRIS (1877-1957) 


The U.S. astronomer Henry Russell was 
co-inventor of the Hertzsprung-Russell 
diagram, a major contribution to the de- 
velopment of modern stellar astronomy 
and astrophysics. It illustrates the rela- 
tionship between the spectral types and 
absolute magnitudes of the stars. He also 
developed a system for determining di- 
mensions of double stars the components 
of which periodically eclipse each other, 
and he and Ejnar Hertzsprung indepen- 
dently found a way to determine the dis- 


ne 
Bertrand Russell was a prolific writer, publishing works on philosophy as well as on science. 


‘THE ESSENCE OF RELIGION. 
Tur Hoy. BERTRAND RUSSELL. 


‘Tur: decay of traditional religious belicts, bitterly bewailed by 
upholders of the Churches, welcomed with joy by those who 
regard the old creeds as mere superstition, is an undeniable 
fact. Yet when the dogmas have been rejected, the question 
of the place of religion in life is by no means decided. ‘The 
dogmas have been valued, not so much on their own account, 
as because they were believed to facilitate a certain attitude 


towards the world, an habitual direction of our thoughts, a 


life in the whole, free from the finiteness of self and providing 
an escape from the tyranny of desire and daily cares. Such 
a life in the whole is possible without dogma, and ought not 
to perish through the indifference of those to whom the beliefs 


of former ages are no longer credible. Acts inspired by 
religion have some quality of infinity in them: they seem 
done in obedience to a command, and though they may achieve 
great ends, yet it is no clear knowledge of these ends that 
makes them seem imperative. The beliefs which underlie 
such acts are often so deep and so instinctive as to remain 
unknown to those whose lives are built upon them. Indeed, 
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RUTHERFORD 


tances from the solar system of double 
stars observed through a telescope to be 
in revolution about their common center 
of gravity. 

Russell was born at Oyster Bay, New 
York. After attending Princeton Univer- 
sity, he went to Cambridge, England, 
where he worked in determining stellar 
parallaxes by photography, a system then 
still new. On his return to Princeton in 
1905, he began extensive work in modern 
astronomy and spectroscopy. 

His writings include Modifying Our 
Ideas of Nature: The Einstein Theory of 
Relativity (in the Smithsonian Report for 
1921), The Constitution and Evolution 
of the Stars (in the Smithsonian Report 
for 1923), The Composition of the Stars 
(1933), The Atmospheres of the Planets 
(in the Smithsonian Report for 1935), 
and The Solar System and Its Origin 
(1935). 


RUTHERFORD, SIR ERNEST (1871-1937) 


The 1908 Nobel Prize in chemistry was 
awarded to Ernest Rutherford, the British 
physicist whose researches in radiation 
and atomic structure provided the basis 
for modern developments in nuclear 
physics. His interest in radioactivity led 


to research that resulted in the discovery 
of alpha, beta, and gamma rays. In col- 
laboration with Frederick Soddy at Mc- 
Gill University, Montreal, Canada, he set 
forth a modern theory of radioactivity; 


Sir Ernest 
Rutherford 


and after World War I he successfully 
transmuted nitrogen into an isotope of 
oxygen by bombarding the nitrogen with 
alpha particles. 

Rutherford was born at Nelson, New 
Zealand. After taking his master’s at Can- 
terbury University College, Christchurch, 
he received a scholarship to Cambridge 
in England, where his ability was soon 
recognized by J. J. Thomson at the Caven- 
dish Laboratory. In 1898 he joined the 
faculty of McGill University; in 1907 he 
accepted the Langworthy Professorship 
at Manchester University in England; and 
in 1919 he moved to Cambridge, succeed- 


By helping the British physicist Ernest Ruther- 
ford in his research on radiation and atomic 
structure, this instrument, though simple and 


ser 


rudimentary, was of fundamental value to later 
twentieth-century developments in nuclear 
physics. 


ing Thomson at Cavendish Laboratory. 

Knighthood was bestowed on him in 
1914, and in 1931 he was created the first 
baron Rutherford of Nelson and Cam- 
bridge. In 1923 he served as president of 
the British Association for the Advance- 
men of Science and in 1925 of the Royal 
Society, the Copley Medal of which he 
won in 1922, His writings include Radio- 
active Substances and Their Radiations 
and, together with J. Chadwick and C, 
Ellis, Radiations from Radioactive Sub- 
stances (1930). 


RUZICKA, LEOPOLD (1887— ) 


For his work on polymethylenes and 
higher terpenes, the Swiss chemist Leo- 
pold Ruzicka shared the 1939 Nobel 
Prize in chemistry with Adolf Butenandt, 
Ruzicka’s findings led to the first produc- 
tion of synthetic male sex hormones. (See 
Adolf Friedrich Johann Butenandt.) 

Ruzicka was the first chemist to syn- 
thesize musk, the substance responsible 
for the peculiar odor given off by the 
musk deer, and he also synthesized civet. 
The importance of this work was the dis- 
covery that musk consists of a fifteen- 
membered ring of carbon atoms, and 
civet of a seventeen-membered ring. Up 
to that time it had been believed that 
rings containing more than eight carbon 
atoms would be too unstable to exist. 
Ruzicka’s findings opened up a whole new 
area of organic chemistry. 

He did a great deal of important re- 
search on organic synthesis, proceeding 
mainly on the hypothesis that compli- 
cated molecules are based on aggrega- 
tions of isoprene molecules, His syn- 
thesis of the hormones androsterone and 
testosterone from neutral cholesterol in 
1934 and 1935 was the direct result of his 
studies of the chemical structure of the 
sterols, These synthetic hormones became 
important in the treatment of functional 
sexual disorders. 

Ruzicka was born at Vukova, Yugo- 
slavia, then a part of Austria-Hungary. 
He was educated in Germany, graduating 
from the Technische Hochschule at Karls- 
ruhe in 1910. Two years later he went to 
Switzerland and eventually became a 
Swiss citizen. In 1926 he became profes- 
sor of organic chemistry at the Univer- 
sity of Utrecht in the Netherlands; and 
from 1929 until his retirement in 1957, 
he was professor at the Swiss Federal 
Institute of Technology in Zürich. 


SABATIER, PAUL (1854-1941) 


A French chemist whose researches 
in catalytic organic synthesis had impor- 
tant industrial applications, Paul Sabatier 
shared the 1912 Nobel Prize in chemistry 
with another French chemist, F. A. V. 


Grignard. Sabatier’s discoveries formed 
the basis of the margarine, oil hydration, 
and syxthetic methanol industries. He is 


known particularly for discovering the 
use of \ «kel in hydrogenation, which is 
the a m of hydrogen to molecules of 
carbo mpounds. (See Frangois Au- 
guste or Grignard. ) 

In 390s Sabatier began to concen- 
trate catalytic effect of inorganic 
comp such as finely divided met- 


als, « zanic gas-phase reactions. He 


foun finely divided nickel catalyzes 
the h yenation of acetylene and eth- 
ylene ‘ane and catalyzes the hydrog- 
enati benzene to cyclohexane. Un- 
til th overy platinum or palladium 
was i outinely as the catalyst for hy- 
drog: ditions. (A catalyst speeds the 
rate « emical reaction and remains 
unch: { chemically throughout that 
react The comparatively inexpen- 
sive made hydrogenations practi- 
calo large industrial scale, 


Sal was born in Carcassonne, 


and d chemistry at the École Nor- 
mal: »érieure and the Collège de 
Frar arning his doctorate in 1880. 
Twe s later, after teaching at Bor- 
dea batier went to the University 
of ” e, where he was made a pro- 
fess 884 and became dean in 1905. 
De n offer from the University of 
Par 907, he chose to stay in south- 
em ‘e until his retirement. 

5 : proceeded to explore nearly 
the » field of catalytic synthesis and 
wro.. co his theories in La Catalyse en 
Chi Organique (1912). He was 
elec to the French Academy of Sci- 
ence: in 1913, 

SARI, ALBERT BRUCE (1906- ) 


The Polish-born U.S. physician Albert 
Sabix:, outstanding virologist, developed 
the first suecessful oral vaccine for polio- 
myelitis, In addition, he made extensive 
contributions to the knowledge of en- 
cephalitis, sand-fly fever, and dengue; and 
in the 1960s he turned his attention to the 
role that viruses play in human cancer. 

Sabin began his study of viruses while 
he was at New York University and 
early was able to grow polio virus in 
human tissue outside the body. After 
working with monkeys, he developed a 
usable oral vaccine and conducted tests 
on human volunteers from a federal re- 
formatory in Chillicothe, Ohio (1954- 
1957). Public tests began in 1958 on 
thousands of schoolchildren in Czecho- 
slovakia and Malaya, and the following 
year the tests were expanded to include 
hundreds of thousands of children in the 
Soviet Union and Mexico. They proved 
so successful that the Soviet government 


Albert Sabin 


authorized public distribution of the vac- 


cine. The U.S. government approved the 
vaccine in 1961, and a year later it was 
licensed for general use. 

In other areas, Sabin investigated pneu- 
mococcus infections, isolated the B virus 
(which can be fatal to humans) in the 
monkey, and studied many viruses af- 
fecting the human nervous system. He 
also discovered many new viruses in the 
human alimentary tract (habitat of the 
polio virus) and proved that they were 
the causes of such diseases as aseptic 
meningitis, rare paralyses, and infantile 
diarrhea. 

Sabin was born in Bialystok, Poland, 
but emigrated to the United States in 
1921. He studied at New York Univer- 
sity, receiving his medical degree in 1931. 
After training for a year at Bellevue Hos- 
pital in New York City, he did research 
at the Lister Institute of Preventive Med- 
icine in London and then joined the staff 
of the Rockefeller Institute for Medical 
Research (Rockefeller University) in 
New York City, where he served as an 
assistant until becoming an associate in 
1937. Two years later he was named as- 
sociate professor of pediatrics at the 
University of Cincinnati’s medical school 
and head of the infectious disease divi- 
sion at the Children’s Hospital Research 
Foundation there. He was appointed pro- 
fessor of research pediatrics in 1946. 

He was elected to the National Acad- 
emy of Sciences in 1951. Among his 
honors were the Bruce Memorial Award 
of the American College of Physicians 
(1961), the Feltrinelli Prize of the Ac- 
cademia Nazionale dei Lincei of Rome 
(1965), and the Lasker Clinical Science 
Award (1965). 


SALK, JONAS EDWARD (1914- ) 


Developer of a vaccine against polio- 
myelitis, the U.S. physician Jonas Salk 
was responsible for eradicating the crip- 
pling disease as a public health menace. 
Using monkeys, he developed and per- 
fected a killed-virus vaccine against par- 
alytic poliomyelitis. It proved effective 
in tests on schoolchildren in 1954, and 


SANGER 


the following year the U.S. Public Health 
Service authorized its manufacture and 
widespread use. By the 1960s polio was 
all but eliminated as a threat; a check 
showed a reduction of 96 percent in polio 
cases in the United States as compared 
with a five-year period before the Salk 
vaccine was introduced, 

Salk was born in New York City and 
studied at the City College of the City of 
New York and at New York University, 
where he obtained his medical degree in 
1939. After his intemship he became a 
researcher at the University of Michi- 
gan, Ann Arbor, where he helped de- 
velop a successful influenza vaccine, In 
1947 he became research professor of 


Jonas Salk 


bacteriology and director of the virus re- 
search laboratory at the University of 
Pittsburgh in Pennsylvania, in 1957 he 
became professor of experimental med- 
icine there, and in 1962 he became di- 
rector and president of the Salk Insti- 
tute for Biological Sciences in San Diego, 
California. Salk was presented the Lasker 
Award of the American Public Health 
Association in 1956 and the Bruce Me- 
morial Award of the American College 
of Physicians in 1958. 


SANGER, FREDERICK (1918- ) 


The English chemist Frederick Sanger 
was awarded the 1958 Nobel Prize in 
chemistry for determining and establish- 
ing the amino acid sequence for a pro- 
tein, In 1943 he began his investigations 
and by 1955 was able to ascertain the 
exact order of the amino acids in insulin. 
This discovery was a breakthrough for 
the determination of protein structure in 
general and was a prerequisite for the 
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chemical synthesis of insulin that was ac- 
complished by other scientists in 1964. 

Sanger was bom at Rendcombe, 
Gloucestershire, England, the son of a doc- 
tor. He was educated at St. John’s College, 
Cambridge, receiving his bachelor’s de- 
gree in 1939 and his doctorate in 1943. 
The following year he became a fellow 
of the Medical Research Council at Cam- 
bridge and stayed in that post until 1951, 
when he became head of the Division of 
Protein Chemistry in the council's Lab- 
oratory for Molecular Biology there, In 
1951 he was awarded the Corday-Mor- 
gan Medal of the Chemical Society, and 
in 1954 he was elected a fellow of the 
Royal Society, 


SCHEELE, CARL WILHELM (1742-1786) 


During his relatively short lifetime the 
Swedish chemist Carl Scheele probably 
discovered more substances than any 
scientist who preceded or followed him. 
He is most famous, however, for his isola- 
tion of oxygen, which he accomplished 
independently of Joseph Priestley. 


Some of his claims of discovery met 
with opposition. He maintained that he 
had obtained oxygen a year or two be- 
fore Priestley; but since he did not pub- 
lish the results until 1777, he is seldom 
given credit for it. In connection with this 
work, Scheele found that air is composed 
of two gases. One he called fire air (oxy- 
gen) because it burned, and the other he 
called foul air. He prepared oxygen by 
heating certain substances, such as po- 
tassium nitrate, nitric acid, and manga- 
nese dioxide. 

Scheele isolated chlorine but failed 
to recognize it as an element. Other ele- 
ments that he shared in the discovery of 
were barium, manganese, molybdenum, 
nitrogen, and tungsten. Among the com- 
pounds he discovered were arsenic acid, 
benzoic acid, citric acid, gallic acid, mal- 
lic acid, molybdic acid, oxalic acid, 
hydrogen sulfide, and copper arsenite 
(known as Scheele’s green); and he pre- 
pared uric acid from bladder stones, Such 
poisonous gases as hydrogen fluoride and 
hydrogen cyanide also came under his 
scrutiny. His habit of smelling and tast- 
ing the substances that he was studying 
could have been responsible for his un- 
timely death: the symptoms of his final 


A plate from Carl Scheele’s only book, Air and 
Fire (1777), illustrates some of his experiments 
to determine the nature of air. According to 


this book, one-fourth of the atmosphere is fire 
air, or oxygen, and the rest is foul air, or 
nitrogen. 


Carl Scheele 


illness resembled those of mercury poi- 
soning. 

Scheele was born at Stralsund, Pom- 
erania (then part of Sweden). In 1757 
he was apprenticed to an apothecary in 


Göteborg, Sweden, and during his ap- 
prenticeship became an enthusiastic stu- 
dent of chemistry. Although he was of- 
fered two prestigious professorships, one 


in Germany and one in England, he pre- 
ferred to remain an apothec: all his 
life, devoting his free time to research, 
In 1775 he was elected a member of the 


Swedish Royal Academy of Sciences 
SCHIAPARELLI, GIOVANNI VIRGINIO 
(1835-1910) 


The Italian astronomer Giovanni $ 
parelli was interested mainly in st 


hia- 
dy- 
ee eee 


Using a Merz telescope, Giovanni Schie\) »relli 
completed one part of his study of the planet 


ing the solar system and made important 
tions regarding comets, meteors, 
pecially the planet Mars. Late in 


obser 
and « 


life became a historian of ancient 
astro). omy. He was also a senator of the 
kings or of Italy. 

lr (51 he made his first major obser- 
vati the discovery of the asteroid 
He: and in 1866 he showed that 
met warms travel in cometary orbits 
anc ded important information re- 
gar he identity and orbits of comets 
in conid and Perseid showers. He 
als rved many double stars and 
pu | his findings in two volumes. 

} ps his most famous work was his 
ob: ion of the planet Mars. In 1877 
he | the direction of the axis of ro- 
tat id the position of the southern 
po p of Mars, but most importantly 
he rved what he called canali, or 
ch . This was the first observation 
of famous Martian canals, and it 
to | off speculations and controver- 
sic ıt continue to the present day. 

parelli was born at Savigliano, 
Pi int, and studied mathematics and 
p! at the University of Turin. After 
gi ing in 1854, he studied astronomy 


in lin, Germany, and in Russia. In 
returned to Italy and became an 


areby achieving for himself a foremost 
nong astronomers. 


assistant observer at the Brera Observa- 
tory in Milan, serving as its director from 
1862 to 1900. On his retirement he stud- 
ied the history of Babylonian, Greek, and 
Hebrew astronomy. 


SCHLIEMANN, HEINRICH (1822-1890) 


For his extensive excavations at Troy, 
Mycenae, and Tiryns, the German ar- 
chaeologist Heinrich Schliemann has 
been called the modern discoverer of 
prehistoric Greece. Settling in Greece in 
1868, he began archaeological investiga- 
tions at Ithaca and Mycenae and uncoy- 
ered royal tombs and a wealth of other 
great treasures. Of the many ruins un- 
covered by him, he is most famous for 
those that he claimed to be ancient Troy. 


When his workmen had excavated the ruins of 
Troy, Heinrich Schliemann spent hours making 
sketches of the remains. 


Schliemann was born at Neu Buckow 
in Mecklenburg-Schwerin and at age 
fourteen was apprenticed to a grocer, Be- 
cause of poor health, however, he be- 
came a cabin boy; but his ship was soon 
wrecked, and he found employment as a 
bookkeeper in Amsterdam, the Nether- 
lands. During this time he kept up with 
his studies, mastering more than a dozen 
languages. In 1846 his Dutch employers 
sent him to St. Petersburg, Russia, where 
he established his own business a year 
later and soon became very wealthy. Af- 
ter retiring from business at thirty-six, he 
pursued his interest in ancient Greece 
and undertook extensive travels to 
Greece, Egypt, the Near and Far East, 
and North America. In 1866 he went to 
Paris to study archaeology and dedicated 
himself to fulfilling his boyhood dream of 
excavating Troy. 


SCHRÖDINGER, ERWIN (1887-1961) 
One of the founders of quantum me- 
chanics was the Austrian physicist Erwin 
Schrédinger, who developed the concept 
of atomic structure based on wave me- 
chanics. He worked out an equation to 
explain the quantum behavior of such 
particles as electrons. For his work in 


SCHRODINGER 


this area he shared the 1933 Nobel Prize 
in physics with Paul Dirac. (See Paul 
Adrien Maurice Dirac.) 

After learning of the matter waves and 
the theory of the wave characteristics 
of electrons conceived by Louis de Bro- 
glie, Schrédinger began working out a 
mathematical basis for De Broglie’s ideas 
and in 1926 published the results of his 
investigations into wave mechanics. Cen- 
tering his work around De Broglie’s idea 
that the use of a wave field was neces- 
sary to describe the behavior of elec- 
trons and other particles, Schrödinger 
formulated a complete theory on this 
basis, expressed by what is commonly 
known as the Schrödinger wave equa- 
tion. His theory was mathematically 
equivalent to the matrix mechanics 
worked out by W. K. Heisenberg. 

Schrödinger extended De Broglie’s 
theory of wave mechanics to the problem 
of atomic structure by assuming that 
matter waves could be superimposed on 
one another. He also studied radium and 
made important contributions to the the- 
ory of color. 

Schrödinger was born in Vienna and 
received his education at the university 


In his work Study on Wave Mechanics (1927), 
Erwin Schrédinger set forth some of his con- 
cepts relating to this field of physics. 
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there. After World War I, in which he 
served as an artillery officer, he went to 
Germany, where he soon was appointed 
professor of physics at the University of 
Stuttgart. Subsequently, he taught phys- 
ics at Breslau and at the University of 
Zürich, Switzerland, and in 1927 suc- 
ceeded Max Planck as professor of the- 
oretical physics at the University of 
Berlin. When Hitler came to power, 
Schrédinger left Germany and went to 
England, accepting an invitation from 


Erwin 
Schrédinger 


Oxford, In 1936 he returned to Austria; 
but on the Nazis’ rise to power, he went 
to Ireland, where he became professor at 
the Institute for Advanced Studies in 
Dublin. He remained there until 1957, 
when he returned once more to Vienna. 


SCHWINGER, JULIAN SEYMOUR 
(1918- ) 

For experiments in quantum electrody- 
namics conducted during World War II, 
the Harvard University physicist Julian 
Schwinger shared the 1965 Nobel Prize 
in physics with R. P, Feynman and Shin’- 
icherò Tomonaga. The three engaged in 


Julian Schwinger 


similar but independent research. (See 
Richard Phillips Feynman; Shin’ icherò 
Tomonaga.) 

Schwinger was born in New York City 
and educated at Columbia University. 
After receiving his doctorate in 1939, he 
went to the University of California, 
where he became associated with the 
U.S. physicist J. Robert Oppenheimer. 
At age twenty-eight Schwinger joined 
the Harvard faculty as associate profes- 
sor of physics, and the following year 
became full professor, one of the young- 
est in the school’s history. 

In 1949 Schwinger was elected to the 
National Academy of Sciences and in 
1951 was a co-winner of the Albert Ein- 
stein Award in natural sciences. He was 
editor of Quantum Electrodynamics and 
a member of the Board of Sponsors of the 
Bulletin of the Atomic Scientists. 


SEABORG, GLENN THEODORE 
(1912- ) 


For his work on the transuranium ele- 
ments the U.S. physical chemist Glenn 
Seaborg shared the 1951 Nobel Prize in 
chemistry with Edwin M. McMillan, with 
whom he collaborated on isolating plu- 
tonium. After the discovery of the first 
transuranium element by McMillan in 
1940, it was only a short time until the 
element corresponding to atomic number 
94, plutonium, was discovered by Sea- 
borg, together with McMillan. (See Ed- 
win Mattison McMillan.) 

Between 1940 and 1955 Seaborg suc- 
ceeded in isolating eight transuranium 
elements, including plutonium. He syn- 
thesized americium (atomic number 95) 
and curium (atomic number 96) in 1944, 
and berkelium (atomic number 97) and 
californium (atomic number 98) in 1949, 
Between 1952 and 1955 he synthesized 
the transuranium elements correspond- 
ing to atomic numbers 99, 100, and 101: 
einsteinium was named in honor of Al- 
bert Einstein; fermium, in honor of En- 
rico Fermi; and mendelevium, in honor 
of Dimitry Ivanovich Mendeleeff. Sea- 
borg recognized that the transuranium 
elements comprise an actinide series and 
that these elements resemble one another 
chemically just as the rare-earth elements 
resemble one another. He also worked on 
the isolation of uranium-233, which 
proved valuable as a nuclear fuel. 

Seaborg was bom at Ishpeming, Mich- 
igan. He studied at the University of 
California at Los Angeles and at Berke- 
ley, where he received his doctorate in 
1937 and then joined the faculty, work- 
ing first as research associate, then as in- 
structor, and later as assistant professor. 
During World War II he worked on the 
industrial production of plutonium at the 


Glenn Seaborg 


University of Chicago’ metalli 
laboratory. He became professor of 
istry and associate director of th: 
ation laboratory at Berkeley in 194: 
from 1958 to 1961 he served as cl 
lor of the university. In 1961 he 
pointed chairman of the U.S. Ato 
ergy Commission. 

He became a member of the Na! 
Academy of Sciences in 1948, His 
lished works include Chemistry 
Actinide Elements (1957) and 
uranium Elements (1958). 


SECCHI, PIETRO ANGELO (1818-1; 


The Italian astronomer Pietro 
chose solar and stellar physics as h 
of specialization. He made the fir 
tematic spectroscopic study of the 
dividing the stars into four sp 


Pietro Secchi's studies of solar promin 
are illustrated in his book The Sun (1870), 
show them to be of many different sh 


groups. His system was developed into 
the Harvard classification, which formed 
the basis for all the systems of stellar 
classification that followed. 

In his studies of astronomy Secchi 


usec ‘he then new technique of pho- 
togr oy. He managed to take pictures 
of {851 solar eclipse and later made 
as »f photographs of the moon. He 
als le observations of comets, mete- 
ors some of the planets. 

‘ i was born at Reggio, Italy, and 
ed l by the Jesuits. In 1833 he en- 
te Jesuit order and subsequently 
he! hing positions in several Jesuit 
sc including Georgetown Univer- 
si r Washington, D.C. After being 
ap d director of the observatory at 
the ian College in Rome in 1849, he 


in ed new equipment designed for 
asi sical research and carried out 
hi ctroscopic studies. He also in- 


ve ed terrestrial magnetism and me- 
tec sical phenomena. His work earned 
hi umber of honors, including mem- 
be in the Royal Society in 1856. 

SE EMILIO GINO (1905- ) 


confirming the existence of the 
a ton the Italian-born U.S. physicist 
i Segré was awarded the 1959 No- 
b ize in physics. He shared the prize 
v is co-worker Owen Chamberlain. 
( )wen Chamberlain.) 

antiproton is a particle with a 
n ve charge and with the mass of a 
p i. Scientists had predicted the ex- 
is....ce of the antiproton for about twenty 


research that led to the discovery of 


tt intiproton, Emilio Segrè (far left) was 
a by a group of scientists, chief of whom 
W Jwen Chamberlain (far right). 


years before Segrè and Chamberlain 
proved that it does exist. In 1955, work- 
ing with the powerful bevatron at the 
University of California at Berkeley, 
Segrè and Chamberlain bombarded cop- 
per atoms with high-energy protons. The 
two scientists were able to separate a 
small number of antiprotons from the 
large number of particles thus formed. 


Emilio Segrè 


Segrè also worked on the problem of 
artificially producing elements. In 1937 
he and his colleague C. Perrier were re- 
sponsible for the first man-made element, 
technetium (atomic number 43); at that 
time it was the lightest known element. 
Three years later Segrè was one of a 
group of scientists who synthesized asta- 
tine (atomic number 85); and in 1941 he 
was one of a group that discovered an 
isotope of plutonium, a substance that 
was used to sustain a chain reaction in 
the original atomic bomb. 

Segrè was born in Tivoli, Italy, and in 
1928 received his doctorate in physics 
from the University of Rome. In the 
1930s he worked in Rome with the re- 
nowned physicist Enrico Fermi and in 
1936 began teaching at the University 
of Palermo. While visiting California in 
1938, he was dismissed from his post at 
Palermo by Italy’s fascist government and 
decided to remain in the United States 
and work at the University of California 
at Berkeley, becoming professor of phys- 
ics there in 1946. Meanwhile, from 1943 
to 1946, he was a group leader at the 
Los Alamos Scientific Laboratory in New 
Mexico, engaged in research on atomic 
weapons. He became a naturalized citi- 
zen of the United States in 1944 and was 
elected to the National Academy of Sci- 
ences in 1957. 


SEMENOV, NIKOLAI NIKOLAEVICH 
(1896- ) 

The first citizen of the Soviet Union to 
be awarded a Nobel Prize was the Rus- 
sian physical chemist Nikolai Semenov. 
For his work on the kinetics of chemical 
reactions, he shared the 1956 Nobel Prize 
in chemistry with Sir Cyril Hinshelwood. 


SHAPLEY 


(See Sir Cyril Norman Hinshelwood.) 

Semenov discovered the branched- 
chain reaction in the oxidation of phos- 
phorus in 1926. He found that explo- 
sions caused by chain ignition differ from 
thermal explosions in not requiring pre- 
heating. In a chain involving atoms and 
radicals the reaction rate rapidly increases 
and an explosion occurs when the num- 
ber of branchings exceeds the number 
of terminations. Like Hinshelwood, Sem- 
enov proposed that with gases the chain 
terminates at the wall of the receptacle. 
Semenov concluded that heat is the 
cause of thermal explosions but the prod- 
uct of chain explosions, and in 1928 he 
first stated his theory of thermal explo- 
sions, which he revised twelve years 
later. In 1931 he discovered a variety of 
branched-chain reactions called degen- 
erate branching, useful in explaining such 
phenomena as the induction periods of 
the oxidation process. He also did impor- 
tant work on the propagation of explosive 
waves. 

Semenov was born at Saratov and ed- 
ucated at Petrograd University (later re- 
named Leningrad University), graduat- 
ing in 1917 during the turmoil of the 
Russian Revolution. From 1920 to 1931 
he headed the Electronic Phenomena 
Laboratory of the Leningrad Physico- 
technical Institute. He was also lecturer 
and then professor at the Leningrad 
Polytechnic Institute from 1928 to 1944. 
Meanwhile, in 1931, he also became head 
of the Institute of Chemical Physics of 
the Academy of Sciences of the Union 
of Soviet Socialist Republics. He was ap- 
pointed professor at Moscow State Uni- 
versity in 1944. 

Many honors were conferred on Sem- 
enov by his own country and other na- 
tions. In 1932 he became a member of 
the Academy of Sciences of the Union 
of Soviet Socialist Republics and in 1941 
was awarded the State Prize. He was 
elected a member of the Royal Society in 
1958 and was similarly honored by the 
Hungarian Academy of Sciences in 1961, 
the U.S. National Academy of Sciences 
in 1963, and the Czechoslovakian Acad- 
emy of Sciences in 1965. 


SHAPLEY, HARLOW (1885- ) 


The U.S. astronomer Harlow Shapley 
is best known for his studies of the struc- 
ture of the Milky Way and of the uni- 
verse beyond it. He also developed the 
revolutionary hypothesis that the sun is 
not at the galactic center but some tens 
of thousands of light-years from it. In 
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his work he was aided greatly by the use 
of large numbers of photographs of the 
sky. His efforts marked the beginning of 
modern galactic astronomy. 


Harlow Shapley 


Shapley was born at Nashville, Mis- 
souri, and received his master’s degree 
from the state university in 1911 and his 
doctorate from Princeton University in 
1913. The following year he became as- 
tronomer at Mount Wilson Observatory 
near Pasadena, California. In 1921 he 
was named director of the Harvard Col- 
lege Observatory, becoming professor 


emeritus of the observatory and Paine 
Professor of Astronomy at Harvard in 
1952. Although named a professor emer- 
itus at Harvard in 1956, he continued 
lecturing there and at other schools on 
cosmography. 

Among the awards received by Shap- 
ley for his work were the Gold Medal of 
the Royal Astronomical Society and the 
Bruce Medal of the Astronomical Society 
of the Pacific. He was elected to the Na- 
tional Academy of Sciences in 1924. His 
books include Galaxies (1943), Of Stars 
and Men (1958), and View from a Dis- 
tant Star (1963). 


SHERRINGTON, SIR CHARLES SCOTT 
(1857-1952) 


The British physiologist Sir Charles 
Sherrington received the 1932 Nobel 
Prize in medicine or physiology for his 
studies of the nervous system. He shared 
the prize with E. D. Adrian. (See Edgar 
Douglas Adrian.) 

Much of man’s fundamental knowl- 
edge of the nervous system grew from 
the basic work of Sherrington. He charted 
the motor areas of the cerebral cortex, 
pointing out which areas of the cortex 
govern motion for various parts of the 
body. By 1894 he produced evidence that 


Harlow Shapley's observation of the skies, 
especially the galactic systems, was aided by 


Lg ~ l _ 


powerful telescopes. His work established 
him as a pioneer in this area of astronomy. 


one-third to one-half of the nerve fbers 
leading to the muscles are sensory: this 
proved that the brain is me 
stresses placed on the muscles 
ancing the body accordingly. His stud- 
ies of the physiology of the spina! (+4 
after isolation from the brain show è 
presence of sense organs in the ; 
muscles. He had a continuing int: 

reflex behavior and in 1891 pu 

his first paper on the knee-jerk 
which he later identified as a 

stretch reflex of the spine’s motor-i 

pool. 

Sherrington was born in Londo: 
gland. After receiving a bachelor 
gree in natural science from Go 
and Caius College, Cambridge Ur 
sity, in 1883, he studied medicine a 
Thomas Hospital Medical School « 
1885 received his bachelor’s de 
medicine from Cambridge. In 
was appointed professor of patholo, 
the University of London, in 1895 
was named professor of physiology 
University of Liverpool, and from 
to his retirement in 1935 he served : 
fessor of physiology at Oxford U 
sity. Many of the great physiologist 
neurologists of the twentieth c 
studied or worked with him, and | 
fluence had a far-reaching effect, 

He was elected a fellow of the ì 
Society in 1893, and from 1920 to 
served as its president. He was knig 
in 1922. 


a 


SHIBASABURO. See Kitasato, 
Baron Shibasaburo. 


SHIN'ICHERO. See Tomonaga, 
Shin‘ichero. 


SHOCKLEY, WILLIAM BRADFORD 
(1910- ) 


One of the men whose research led to 
the development of transistors and tran- 
sistor technology was the U.S. physicist 
William Shockley. For his part in the 
invention of the transistor, he shared the 
1956 Nobel Prize in physics with John 
Bardeen and Walter Brattain. (See John 
Bardeen; Walter Houser Brattain. ) 

In 1946, while employed at the Bell 
Telephone Laboratories, Shockley, Bar- 
deen, and Brattain began doing research 
on semiconductors, such as germanium 
and silicon. At the time, it was known 
that these semiconductors acted as recti- 
fiers, and Shockley found that their con- 
ductivity was dependent upon certain 
impurities. Semiconductors were of two 
types, having either negative conductiv- 
ity or positive conductivity, depending 
upon the types of impurities that were 
present. Shockley also found that these 


the Bell Telephone Laboratories, Wil- 
lia hockley (seated), with John Bardeen 
ant ilter Brattain, invented the transistor. 


sol ate rectifiers were more efficient 
the ‘ubes in the operation of radios and 
ot lectronic equipment. He combined 
tl sitive and negative types in such a 
v rat they amplified as well as recti- 
fi. in electric current. This led to the 
‘ pment of the point-contact transis- 
t id later the junction transistor. He 
v a book on this work, Electrons and 
I in Semiconductors (1950). 
ickley was born in London, En- 
|, to parents who were U.S. citizens. 
vas raised in California and educated 
+ California Institute of Technology, 
lena. After receiving his doctorate 
ı the Massachusetts Institute of Tech- 
1 ogy, Cambridge, in 1936, he went to 
vk for the Bell Telephone Laborator- 
ies, During World War II he served as 
director of research for the U.S. Navy's 
Antisubmarine Warfare Group and as a 
consultant to the secretary of war. On his 
return to the Bell laboratories after the 
war, he became director of transistor- 
physics research, From 1954 to 1955 he 
was deputy director of the Weapons Sys- 
tems Evaluation Group of the U.S. De- 
partment of Defense, in 1955 he became 
head of the Shockley Semiconductor 
Laboratory at Beckman Instruments, 
Inc., and in 1963 he was appointed pro- 
fessor of engineering science at Stanford 
University, Palo Alto, California. He was 
elected to the National Academy of Sci- 
ences in 1951. 


SIEGBAHN, KARL MANNE GEORG 
1886- +) 

The Swedish physicist Manne Sieg- 
bahn was awarded the 1924 Nobel Prize 
in physics for his discoveries and research 


in the field of x-ray spectroscopy. His 
early research was devoted mainly to 
electricity and magnetism, but after 1914 
he began systematic investigations of the 
x-ray spectra of elements. In 1916 he dis- 
covered the long-wave M-lines, a new 
spectral series; and in 1924 he and his 
colleagues proved that x-rays diffract in 
prisms. 

Siegbahn was born in Orebro, Sweden, 
and educated at the University of Lund, 
where, after receiving his master’s and 
doctorate, he was lecturer in physics 
from 1911 to 1920 and professor of phys- 
ics from 1920 to 1923. The following year 
he became professor of physics at the 
University of Uppsala and stayed there 
until 1937, when he was appointed direc- 
tor of the newly created Nobel Institute 
of Experimental Physics of the Swedish 
Royal Academy of Sciences, Stockholm. 
He remained in that post until 1964. 

He was awarded the Hughes Medal of 
the Royal Society of London in 1934 and 
its Rumford Medal in 1940, as well as 
the Duddel Medal of the Physical So- 
ciety of London in 1948. In the 1960s 
he was named an honorary member of 
the International Committee on Weights 
and Measures after serving on that body 
for more than twenty-five years. 


SIKORSKY, IGOR IVAN (1889— ) 


The Russian-U.S. aviation engineer 
Igor Sikorsky designed the world’s first 
multiengine airplane. He also developed 
the first practical helicopter, as well as 
the Sikorsky multimotored amphibian. 

He was born in Kiev, Russia, and edu- 
cated in Russia and France. At an early 
age he became interested in aviation and 
aeronautics and studied under Louis 
Blériot and Ferdinand von Zeppelin. In 
1909 he constructed an experimental heli- 
copter and then turned his attention to 
multiengine craft. He built the first four- 
engine airplane, which he named The 
Grand, completely outfitted with a pas- 
senger cabin, and a larger, more sophisti- 
cated plane that was redesigned for mili- 
tary use and proved successful as a 
bomber in World War I. These planes 
are considered the forerunners of mod- 
ern commercial and military craft. 

Following the Russian Revolution, Si- 
korsky went to England and France for 
short periods and then emigrated to the 
United States. In 1923 he formed the 
Sikorsky Aero Engineering Corporation 
on a farm on Long Island, New York, 
where he developed a number of air- 
planes, including an amphibian craft that 
he sold to Pan American Airways for 
service to Central and South America. 
Sikorsky’s company became a division of 
the United Aircraft Corporation in 1929 


SIMPSON 


and began building passenger flying 
boats, including one capable of transat- 
lantic flight. This opened up commercial 
air transportation across the Atlantic and 
Pacific oceans. 

Sikorsky had always been interested in 
creating a direct-lift aircraft, and in 1939 
he built his first practical model, the VS- 
300. After perfecting the design, he began 
manufacturing the helicopters for mili- 
tary use; and advanced models of the 
craft were soon put to commercial use. 
In the 1950s Sikorsky began utilizing 
turbine engines in his helicopters, and 
their place in aviation became firmly es- 
tablished, The pioneer aviator retired in 
1957 from United Aircraft. 

A biography, The Story of the Winged 
S, was published in 1938, Sikorsky be- 
came a naturalized U.S. citizen in 1928. 


SIMPSON, GEORGE GAYLORD 
(1902- ) 

The U.S. geologist and paleontologist 
George Simpson is best known for his 
studies on the evolution of mammals. 
In the 1920s and 1930s he concentrated 
on studying fossil mammals of the Paleo- 
cene and Eocene epochs in North and 
South America, and in the 1940s and 
1950s he collected Eocene fossils of the 
San Juan Basin in New Mexico. Aided 
by his wife, psychologist Anne Roe, he 
also did extensive behavioral studies. 

Although born in Chicago, Illinois, 
Simpson spent his early life in Colorado. 
As a graduate student at Yale University, 
he did extensive research on early mam- 
mals both in the United States and 
abroad. After receiving his doctorate in 
1926, he joined the staff of the American 
Museum of Natural History in New York 
City, where he became curator of fossil 
mammals and chairman of geology and 
paleontology. In 1945 he was appointed 
professor of zoology at Columbia Uni- 
versity and stayed there until 1959, when 
he went to Harvard as professor of pale- 
ontology. 

Simpson was elected to the National 
Academy of Sciences in 1941 and to the 
American Academy of Arts and Sciences 
in 1948. His essay on the history of vert- 
ebrate paleontology won the Lewis Prize 
of the American Philosophical Society in 
1942, and in 1945 he published a classifi- 
cation of all known mammals, with data 
on their time and place. Other works by 
Simpson include Attending Marvels: A 
Patagonian Journal (1934), Quantitative 
Zoology (with Anne Roe; 1939), The 
Major Features of Evolution (1953), 
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Principles of Animal Taxonomy (1961), 
and The Geography of Evolution (1965). 


SLIPHER, VESTO MELVIN (1875- ) 


The first observational evidence to sup- 
port the theory of the expanding universe 
was provided by the U.S. astronomer 
Vesto Slipher, who discovered the rapid 
motion and extraordinary space veloci- 
ties of the spiral nebulas. He also di- 
rected the research that led to Clyde 
Tombaugh’s discovery of the planet 
Pluto, the existence of which had been 
predicted by another U.S. astronomer, 
Percival Lowell. 

His spectroscopic studies led to the 
identification of the gases that make up 
the atmospheres of the planets, partic- 
ularly Jupiter and Saturn, and in 1933 
he found that the atmosphere of Neptune 
contains methane. He also made the final 
determination of the rotation period of 
Uranus. 

Knowing that recessive motions are 
made evident by a shifting toward the 
red end of the spectrum, he found that 


all but two of the nebulas are rapidly 
moving away from the Earth. In this 
same area of study he found that the An- 
dromeda nebula is approaching the Earth 
at a speed of 125 miles per second. He 
also demonstrated that some nebulas 
shine because of reflected light from 
other stars and determined that the ele- 
ments sodium and calcium are scattered 
throughout interstellar space. 

Slipher was born on a farm at Mul- 
berry, Indiana, and educated at the state 
university. In 1901, eight years before re- 
ceiving his doctorate, he began his long 
association with the Lowell Observatory 
near Flagstaff, Arizona. Eventually he 
became its director, and under his guid- 
ance the research that led to the discov- 
ery of Pluto was carried out. 


SODDY, FREDERICK (1877-1956) 


In 1913 Frederick Soddy, a British 
chemist, suggested that certain elements 
produced through radioactive transfor- 
mations could be chemically identical 
yet have different weights. Discovery of 
these elements, called isotopes, earned 
Soddy the 1921 Nobel Prize in chemistry, 
Further experimentation led him to the 
conclusion that isotopes are actually dif- 


As head of the Lowell Observatory, Vesto Slipher (left) directed much important research. 


ferent versions of the same chemical ele- 


ment, varying in the mass of the atom 
but not in chemical properties 

Soddy was born in Eastbour: En- 
gland. After graduating with h in 
chemistry from Oxford in 1898 at 
to Canada to work with Sir Erne th- 
erford at McGill University in \ al, 
Together they formulated the t! at 
“radioactivity is at once an at e- 
nomenon and the accompanim« a 
chemical change in which nev. of 
matter are produced.” Four ye T 
he joined Sir William Ramsay - 
don’s University College, wh y 
performed a classic experiment i } 
the gaseous product of radioact 
cayed radium was identified with 1 
In 1904 he went to the Univ: f 
Glasgow as a lecturer in physica 1- 
istry and remained there for ter It 
was during this period that he : d 
his findings about isotopes in Yr 
published in Nature in 1913, Th le 
Soddy chose for the elements he 
ered is derived from Greek word 
ing “same place,” a reference t ir 
identical location in the periodi e 
of elements. A year after his re m 
about isotopes, Soddy left Glas; r 
Aberdeen, where he taught chem t 
the university there until 1918. 1 
lowing year he accepted a posi s 


Doctor Lees Professor of Chemi 
Oxford and remained there until } 
tirement in 1936, 

Despite his remarkable success a 
entist, Soddy seemed to lose inte: 
this field as he grew older. He be 
almost obsessed with politics and 
nomics; between his retirement anc 
death twenty years later, he devoted | 
self to writing angry polemics on a n 
ber of controversial political and eco- 
nomic theories, 

Soddy’s achievements in the field of 
chemistry were acknowledged by the 
Royal Society in 1910 when he was elected 
a fellow. Although both this honor and 
the Nobel Prize were granted him at a 
relatively early age, Soddy later com- 
plained bitterly that his contributions 
were not properly appreciated. 


SPALLANZANI, LAZZARO (1729-1799) 


The Italian naturalist Lazzaro Spal- 
lanzani was one of the most careful and 
thorough experimenters in the history of 
biological science and is, in fact, consid- 
ered to be one of the founders of experi- 
mental biology, He conducted important 
experiments on digestion, sexual repro- 
duction, and respiration and disproved 
the theory of the spontaneous generation 
of microorganisms, 

Some of Spallanzani’s most important 
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volved disproving the theory of 
dus generation, He demonstrated 
ling a liquid in hermetically 
intainers made it impossible for 
inisms to develop in it. Some sci- 
owever, clung to their belief in 
ous generation, claiming that 
ini destroyed a vital substance 
r and not microorganisms by his 
f prolonged heating. It remained 
s Pasteur to completely discredit 
of spontaneous generation. 
s work on digestion Spallanzani 
that the solvent action of the gas- 
es on food in the stomach was not 
of putrefaction. He suspected that 
ı form of acid fermentation, but 
1e methods available to him he was 
to find the acids responsible for 
Cess. 
ugh his experiments on respiration 
overed that tissues take in oxygen 
ve off carbon dioxide. By filtering 
he found that sperms are the in- 
int responsible for fertilization, and 


of his works, Lazzaro Spallanzani dealt 


tificial insemination of animals. He was 


) the first to engage in such studies. 
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he succeeded in artificially inseminating 
a female dog. Spallanzani also investi- 
gated sense perception in bats and the re- 
generation of appendages in certain am- 
phibians, such as salamanders. 

Spallanzani was born at Scandiano in 
the province of Modena, Italy, and edu- 
cated at the University of Bologna. Al- 
though he began studying law, he later 
decided to make his career in the sci- 
ences, reportedly under the influence of 
his cousin, who was professor of physics 
at Bologna and one of the few women 
professors of that time. In 1757, after en- 
tering the priesthood, he was appointed 
professor of mathematics and physics at 
the University of Reggio; in 1763 he be- 
came professor of physics and philosophy 
at the University of Modena; and in 1769 
he was appointed professor of natural his- 
tory at the University of Pavia, where he 
remained for the rest of his life with the 
exception of the time he spent in the 
Mediterranean area gathering specimens 
for the museum at Pavia. 


SPEMANN, HANS (1869-1941) 


In the 1920s Hans Spemann, a German 
zoologist, undertook a series of experi- 
ments to demonstrate characteristics of 
embryonic development previously un- 
known. His eventual discovery of the 
“organizer effect” of embryonic cells upon 
one another resulted in his winning the 
1935 Nobel Prize in medicine or phys- 
iology. 

Spemann suggested that the completely 
formed areas surrounding a developing 
portion of an embryo determine the final 
form of the incomplete portion; for ex- 
ample, when a portion of tissue that 
would ordinarily become epidermis is 
transplanted near the spinal cord, it be- 
comes nervous tissue instead. The en- 
vironment in which the tissue grows is 
responsible for this change. The term 
organizer effect refers to the role played 
by the existent portion of the embryo on 
the portion that is still malleable or plastic. 

Until the 1880s embryologists believed 
that when a fertilized ovum divided in 
two, its plane of bilateral symmetry was 
established; thus, should half of the origi- 
nal ovum be killed, the remaining half 
would presumably develop as only a half 
embryo. Wilhelm Roux and Hans Driesch 
later demonstrated that if the ovum divi- 
sions are not killed but simply separated, 
each one will develop into a complete but 
smaller embryo. If the destroyed cell re- 
mains in close proximity to the living 
cell, the latter will develop as only a half 
embryo. It was Spemann who discovered 
that the destroyed cell, which constitutes 
the environment of the living cell, has an 
organizing effect on that cell still in the 


STANLEY 


process of forming, His findings empha- 
sized the role played by hormones in in- 
fluencing the final form embryonic struc- 
tures take. Previously, it was believed some 
mysterious vital force predetermined all 
embryonic development. Spemann is cred- 
ited with finally debunking the erroneous 
theory of preformation, according to which 
the fate of all ova was determined at the 
moment of fertilization and could not be 
altered. 

Spemann was born in Stuttgart, Wiirt- 
temberg, Germany. Although he was orig- 
inally interested in medicine and had 
studied for his degree in this field at 
Heidelberg and Munich, he later chose a 
career in zoology. In 1895 he took a de- 
gree from the University of Wiirzburg, 
where he became a lecturer in zoology 
three years later. He remained at Wiirz- 
burg until 1908, when he assumed the 
chair of zoology at Rostock. Five years 
later he was named associate director of 
the Kaiser Wilhelm Institute of Biology 
at Berlin-Dahlem, His final teaching 
position was at the University of Frei- 
burg im Breisgau; it was during his six- 
teen years there, from 1919 to 1935, that 
Spemann advanced the organizer effect 
theory. 


STANLEY, WENDELL MEREDITH 
(1904- ) 

The U.S. biochemist Wendell Stanley 
won a share of the 1946 Nobel Prize in 
chemistry for isolating and crystallizing 
the tobacco mosaic virus and showing 
that a virus is a protein. He divided one- 
half of the award with J. H. Northrop, 
and J. B. Sumner was awarded the other 
half for his discovery that enzymes are 
crystallizable proteins, (See John Han- 
cock Northrop; James Batcheller Sumner. ) 

In his prizewinning research Stanley 
prepared a large quantity of tobacco mo- 
saic virus by growing tobacco and infect- 
ing it. He mashed up the infected leaves 
and then, because he was quite certain 
that the virus was a protein molecule, put 
the mash through the usual procedures 
used for crystallizing proteins. In 1935 he 
obtained crystals, which he found to have 
all the infective properties of the virus in 
high concentration; in 1936 he isolated 
nucleic acid from the crystalline material; 
and by 1937 it had been demonstrated 
that the nucleic acid was responsible for 
the virus activity and that the tobacco 
mosaic virus was, therefore, a nucleopro- 
tein. Subsequently, Stanley studied the 
amino acid composition of the protein 
and the properties of solutions of the 
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virus nucleoprotein, During World War 
II he worked on the influenza virus and 
on preparations against the disease, de- 
veloping the centrifuge-type influenza 
vaccine, 

Stanley was bom in Ridgeville, Indi- 
ana, and did his undergraduate work at 
Earlham College, Richmond, Indiana, re- 
ceiving his bachelor’s degree in 1926. 
After earning his doctorate at the Uni- 
versity of Illinois, Urbana, in 1929, he 
stayed there a year as a research associ- 
ate and a lecturer and then left for further 
study as a National Research Council 
fellow at the University of Munich, Ger- 
many, In 1931 he returned to the United 
States to become an assistant at the 
Rockefeller Institute for Medical Re- 
search (now Rockefeller University) in 
New York City. He transferred to its 
Princeton, New Jersey, facility in 1932, 
becoming an associate in 1935, an associ- 
ate member in 1937, and a member of the 
institute in 1940, Eight years later he ac- 
cepted the post of professor of biochem- 
istry and director of the virus laboratory 
at the University of California, Berkeley, 
where he served as chairman of the De- 
partment of Biochemistry from 1948 to 
1954 and was appointed professor of 
virology and chairman of the virology de- 
partment in 1958. He was elected to the 
National Academy of Sciences in 1941. 


STARK, JOHANNES (1874-1957) 


For his discovery that spectral lines 
are distorted in an electric field the Ger- 
man physicist Johannes Stark received 
the 1919 Nobel Prize in physics. By using 
a third electrode near the perforated cath- 
ode in a discharge tube, he was able to 
apply a strong electric field and thus ob- 
serve multiple splitting of the lines. This 
phenomenon is now known as the Stark 
effect. 

Stark’s interest in the mechanics of the 
discharge tube was typical of many Ger- 
man physicists in the early 1900s. In his 
work Electricity in Gases, published in 
1902, Stark suggested that the high-veloc- 
ity rays in a discharge tube exhibit the 
Doppler effect, an apparent change in 
radiation frequency emitted by a moving 
body. He proved this three years later by 
demonstrating that the lines of the hydro- 
gen spectrum moved slightly to the violet 
or red ends of the spectrum depending 
on whether the rays were approaching or 
receding from the observer. For this ex- 
planation of the Doppler effect in parallel 
rays he was awarded the 1909 Baumgart- 
ner Prize by the Vienna Academy. 


The modern theory of radiation and 
the atomic theory were Stark's particular 
interests. In addition to his discovery of 
the effect bearing his name, he is credited 
with significant findings about the effect 
of light on chemical reactions. 

Stark, a native of Schickenhof, Bavaria, 
took a degree in physical science from the 
University of Munich in 1898 and re- 
mained there until 1900, working at the 
school’s Physical Institute. His teaching 
career began later that year when he be- 
came an assistant professor at the Univer- 
sity of Géttingen. From 1906 until his re- 
tirement in 1922, he was full professor of 
physics at four schools successively: the 
technical colleges of Aachen and Hanover 
and the universities of Greifswald and 
Wiirzburg. During much of this period 
he edited the Yearbook of Radioactivity 
and Electronics, a publication he founded 
in 1904. Stark’s term as the president of 
the Reich Physical-Technical Institute, 
Charlottenburg, lasted from 1933 to 1939. 
The anti-Semitic racial theories of Adolf 
Hitler appealed to Stark, and he wrote a 
book on nazism. Although his sentiments 
stabilized his position at the Reich Insti- 
tute, it also eamed him four years in a 
labor camp at the end of World War II. 


STAUDINGER, HERMANN (1881—1965) 


German chemist Hermann Staudinger 
received the 1953 Nobel Prize in chem- 
istry for his work on macromolecules 
(high-molecular compounds). His theory 
explaining the phenomenon of polymeri- 
zation made possible many of the proc- 
esses used in the wide-scale manufacture 
of plastics and other high-polymer syn- 
thetics. 

Staudinger became interested in macro- 
molecules after the discovery of the first 
all-synthetic plastic in 1906. The compo- 
sition of low-molecular compounds had 
been established in the nineteenth cen- 
tury, but no one had successfully ex- 
plained the structure of high-molecular 
compounds. Staudinger showed that mole- 
cules polymerize by chemical interaction, 
not by simple physical aggregation. He 
also established the relationship between 
the molecular weight of a high polymer 
and its viscosity in solution. He worked 
widely with rubber, styrene, and cellu- 
lose as well as synthetic polymers. In ad- 
dition to research with high-molecular 
compounds, Staudinger discovered sev- 
eral important low-molecular synthetic 
compounds that had wide commercial ap- 
plications. 

Staudinger was born in Worms, Ger- 
many, and was educated at the German 
universities of Munich, Darmstadt, and 
Halle, where he obtained his doctorate in 
organic chemistry in 1903. He became a 


lecturer while continuing his studies at 
the University of Strasbourg in 1907 but 
left the same year to become assistant pro- 
fessor of organic chemistry at the Chem- 
ical Institute of the Technical College 
of Karlsruhe. In 1912 he was made pro- 
fessor of general chemistry at the Federal 
Institute of Technology, Ziirich, Switz- 
erland, where he remained until 1926. 
In that year he went to the University of 
Freiberg, Germany, where he first held a 
chair of chemistry, then became general 
director of the Chemical Laboratory and 
Research Institute for Macromolecular 
Chemistry, and finally was made pro- 
fessor emeritus. He left the institute in 
1956 to devote his time to writing his 
memoirs, 


STEPHENSON, GEORGE (1781-1848) 
and ROBERT (1803-1859) 


Two of the men who contributed most 
to the development of railways were the 
English inventors and engineers George 
and Robert Stephenson. The elder Ste- 
phenson is considered to be the founder 
of railways and the inventor of the steam 
locomotive (even though other inventors 
came up with similar engines at approxi- 
mately the same time). Robert, his son, 
aided him with the design of certain loco- 
motives and in his own right was a fa- 
mous designer of tubular railway bridges. 

George Stephenson was born at Wy- 
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lam near Newcastle-on-Tyne, the son of 
a poor mine worker, He had no formal 
education and at age fourteen began as- 
g his father in operating a water- 
pumping engine at a colliery. In 1804, 
after operating similar machinery at var- 
iov: coal mines, he took a job at the 
Ki! \gworth colliery. His wife and a 
de hter died shortly thereafter, and ac- 
ce ~ag the job at Killingworth proved to 
be irning point in his life. 

devoted himself to raising his only 


si ‘obert, with whom he became very 
cl ind also to learning about the ma- 
c y involved in his job. So that he 


n rei 


ad the works of James Watt he 
ti reading course at a night school. 
he was placed in charge of all 
chinery at the Killingworth col- 


t, the colliery asked him to build a 
lo. -otive for hauling coal. His first en- 


gi. he Blucher, with flanged wheels, 
m its first run in 1814, At about the 
san. (ime, he devised a safety lamp for 


m but this invention was similar to 
on: developed by Sir Humphry Davy, 
an... controversy developed over priority 


to invention, 

1815 he patented his steam-blast 
le... \otive. Then from 1819 to 1822 he 
v l on an eight-mile railway for the 


Ti on colliery. In 1823 he helped found 
Į t Stephenson and Company, a lo- 
c olive works at Newcastle-on-Tyne. 


In 1825 his locomotive the Active (later 
renamed the Locomotion) pulled the 
world’s first public passenger train on the 
Stockton and Darlington Railway. His 
prizewinning engine the Rocket achieved 
speeds up to thirty miles per hour in 1829. 
In 1830 an eight-engine train that he 
built established the world’s first mainline 
passenger service on the Liverpool-Man- 
chester Railway. He also helped develop 
railroad systems on the Continent. 

The younger Stephenson, a mechanical 
and civil engineer, was born at Willing- 
ton Quay near Newcastle-on-Tyne. He 
was more fortunate than his father in ob- 
taining a formal education and was able 
to spend one year at Edinburgh Univer- 
sity. He also served, however, an appren- 
ticeship at the Killingworth colliery. In 
1824 he went to work for a mining com- 
pany in South America but returned to 
England in 1827 to help his father at the 
Newcastle locomotive works. He aided in 
the design of some of his father’s early 
locomotives but also built locomotives 
of his own and made many improvements 
in existing designs. 

His special province, however, was 
building tubular-girder railway bridges. 
His first bridge was a failure, for it col- 
lapsed when a train passed over it, but 
his subsequent attempts were spectacular 
successes. He built the Britannia Bridge 
over the Menai Straits (with a 459-foot 
span), the High Level Bridge over the 


‘George Stephenson's first locomotive was 


used exclusively for hauling coal. He had de- 
signed it at the request of the colliery for which 
he was working at the time. 
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Tyne at Newcastle, a bridge over the 
Conway, and the Victoria Bridge over 
the St. Lawrence River at Montreal, 
Quebec. 

Robert also engaged in politics and 
served as a member of Parliament from 
1847 until his death. In 1849 he was 
elected a fellow of the Royal Society. He 
was further honored after his death with 
burial in Westminster Abbey. 


STERN, OTTO (1888- ) 

The German-U.S, chemist Otto Stern 
measured the magnetic moment of the pro- 
ton (the strength of its magnetic property ) 
and for the achievement was awarded 
the 1943 Nobel Prize in physics. 

Stern’s major scientific contribution was 
in the field of theoretical physics, espe- 
cially statistical thermodynamics. Begin- 
ning at Frankfurt am Main, Germany, in 
the 1920s, he developed the molecular- 
beam method of investigating atoms, 
molecules, and atomic nuclei. Working 
with a beam of silver atoms, he found a 
method to prove directly the existence of 
an atomic magnetic moment and mea- 
sured its magnitude. This method also 
provided the first evidence of spatial 
quantization (expressed in terms of the 
quantum theory). While at Hamburg in 
the early 1930s, he was able to measure 
the magnetic moment of the proton and 
found the value to be more than twice 
as great as had been theorized. 

Stern was born in Sorau, Germany (now 
Poland), and received his education at 
the University of Breslau, where he earned 
his doctorate in physical chemistry in 
1912. He joined scientist Albert Einstein 
at the University of Prague, Czechoslo- 
vakia, and then followed him to Ziirich, 
Switzerland, where Stern became a lec- 
turer of physical chemistry at a high 
school. In 1914 he was made a lecturer 
of theoretical physics at the University of 
Frankfurt am Main, Germany, where he 
remained until 1921, except for a brief 
period of military service during World 
War I. Stern then spent a year as associ- 
ate professor of theoretical physics at 
Rostock before being appointed profes- 
sor of physical chemistry at the Univer- 
sity of Hamburg in 1923, He remained at 
that post until he was forced to leave Ger- 
many in 1933, when he went to the United 
States and became a research professor 
of physics at the Carnegie Institute of 
Technology in Pittsburgh, Pennsylvania. 
In 1945 Stern retired and moved to Berke- 
ley, California, and was elected to the 
National Academy of Sciences. 
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STRADONITZ. See Kekulé von Stradonitz, 
Friedrich August. 


SUMNER, JAMES BATCHELLER 
(1887-1955) 


The U.S. scientist James Batcheller 
Sumner, whose early loss of an arm did 
not deter him from a career in biochem- 
istry, won half of the 1946 Nobel Prize in 
chemistry. He was the first to isolate an 
enzyme in pure crystalline form and to 
show beyond doubt that enzymes are pro- 
teins. Dividing the other half of the prize 
were J. H. Northrop and W. M. Stanley. 
(See John Howard Northrop; Wendell 
Meredith Stanley.) 

Sumner, the son of a farmer and cotton 
manufacturer, was born in Canton, Mas- 
sachusetts. At age seventeen, Sumner, 
who was left handed, lost his left arm in 
a hunting accident. Six years later he re- 
ceived his bachelor’s degree in chemistry 
from Harvard University, Cambridge, 
Massachusetts, and began his teaching 
career at Mount Allison College, Sack- 
ville, New Brunswick, Canada. In 1911 
he became an assistant in chemistry 
at the Worcester Polytechnic Institute 
in Massachusetts but left in 1912 to 
study biochemistry at Harvard’s Medical 
School. After earning his master’s degree 
in 1914 and his doctorate in 1915, Sum- 
ner went to Cornell University’s Medical 
College, New York City, as assistant pro- 
fessor of biochemistry. In 1929 he was 
made professor, a post he held until his 
retirement; and, in addition, in 1947 he 
became director of the Cornell Labora- 
tory of Enzyme Chemistry, established 
by the university trustees in recognition 
of his investigations. 

Sumner's early work included the study 
of urea formation. In 1926 he isolated 
urease, an enzyme that catalyzes the 
breakdown of urea to ammonia and car- 
bon dioxide, His further research showed 
that the crystals he had obtained were 
protein. 

Although Sumner’s accomplishment 
confirmed the views of a few biochemists, 
his work did not at once gain wide ac- 
ceptance. The immediate result of his ef- 
fort was the spurring of research in the 
related fields of viruses and viral diseases. 
The view that enzymes are proteinaceous 
steadily gained followers, however, and 
Sumners work was fully appreciated 
when Northrop, in the early 1930s, ex- 
tended it to the crystallization of other 
enzymes, In 1937 Sumner crystallized the 
enzyme catalase, which influences reac- 
tions involving hydrogen peroxide and 


protects the living cells from this com- 
pound, which they produce during the 
respiratory process. 

During the years that he was connected 
with Cornell University, Sumner did en- 
zyme research for a time in Sweden— 
with Hans von Euler-Chelpin at the Uni- 
versity of Stockholm and with Theodor 
Svedberg at the University of Uppsala. 
Sumner was awarded the Scheele Medal 
at Stockholm in 1937. 

He published Biological Chemistry in 
1927 and was coauthor of three editions 
of two books: Chemistry and Methods 
of Enzymes and Laboratory Experiments 
in Biological Chemistry. With Karl Myr- 
bäck, he compiled four volumes of The 
Enzymes: Chemistry and Mechanism of 
Action (1950-1952). 


SVEDBERG, THEODOR (1884- ) 


An interest in colloids dating from his 
student years at the University of Upp- 
sala spurred Theodor Svedberg on to win 
the Nobel Prize in chemistry in 1926, His 
early experiments were concerned with 
preparing metal colloidal suspensions by 
setting up electric arcs between metal 
electrodes submerged under water. Later 
he invented a tool for studying these 
suspensions. 

Prior to Theodor Svedberg’s discover- 
ies, chemists were unable to determine 
much about the size and shape of col- 
loidal particles or their rate of settling. 
An insurmountable problem seemed to 
be the jarring effect of water molecules 
that prevented the particles from settling 
out. It appeared that only increased grav- 
itational pull would deter these molecu- 
lar collisions and thereby permit the set- 
tling out of the particles. Utilizing the 
centrifugal effect by which milk was sep- 
arated from cream, and blood corpuscles 
from plasma, Svedberg developed the ul- 
tracentrifuge, a whirling device capable 
of producing an effect 100,000 times that 
of normal gravity. 

Svedberg’s invention was especially 
useful in the study of protein molecules. 
Because this extremely large molecule 
is, by itself, the size of a colloid, its 
properties remain colloidal even when 
it has gone into solution. Thanks to ultra- 
centrifuge, individual protein molecules 
could be effectively settled out and their 
weights determined for the first time. 
Most valuable was Svedberg’s revelation 
that the molecules of certain proteins are 
the same size; by isolating these mole- 
cules, chemists could finally identify ex- 
traneous contaminating material in pro- 
teins. 

After inventing the ultracentrifuge, 
Theodor Svedberg continued to explore 
protein structure, with emphasis on the 


field of high polymers. He successfully 
elucidated the properties of many long 
chain molecules, the most important of 
which was cellulose. He also advanced 
the study of electrophoresis, another 
technique for observing protein com» 
sition. 

Svedberg was born in Fleràng, ‘ 
den, and educated at Uppsala, whe: 
spent much of his professional c: 
From 1912 until 1949, when he be 
professor emeritus, he taught ph 
chemistry. In addition to teaching 
conducting research, Svedberg servi 
director of the Institute of Ph 
Chemistry during his last eighteen » 
at Uppsala. In 1949 he was appo: 
director of the Gustaf-Werner Insti! 


SYNGE, RICHARD LAURENCE 
MILLINGTON (1914— ) 


The British biochemist Richard ! 
Synge is best known for his part in 
development of partition, or paper, 
matography. He worked on this | 
with Archer J. P. Martin, sharing the 
Nobel Prize in chemistry with him 
Archer John Porter Martin. ) 

Synge was born at Liverpool, En 
He received his education at Wine! 
College and at Trinity College, ( 
bridge, obtaining his doctorate in 
His association with Martin bega 
Cambridge, when Synge was worki 
the separation of acetylated amino 
Together they developed the tech 
of partition chromatography, 
proved to be an invaluable tool in 
chemical and medical research, Sy 
used partition chromatography to 
cover the structure of a relatively sim) 
protein molecule, the antibiotic gra: 
cidin-S. 

From 1941 to 1943 Synge worked 
the Wool Industries Research Associa- 
tion at Leeds, where he kept up his 
collaboration with Martin. Then in 1943 
he joined the staff of the Lister Institute 
of Preventive Medicine in London. After 
1945 Synge devoted himself to analytical 
problems involving amino acids and pep- 
tides. He studied the digestion of pro- 
teins in ruminant animals and also phys- 
icochemical methods of identifying and 
purifying intermediates in the protein 
metabolism of plants. 

In 1948 Synge was appointed head of 
the protein-chemistry department at the 
Rowett Research Institute at Bucksburn, 
Aberdeenshire, Scotland. Two years later 
he was elected to the Royal Society. 


SZENT-GYÖRGYI, ALBERT (1893- ) 


Biochemist Albert Szent-Györgyi was 
awarded the 1937 Nobel Prize in medi- 
cine or physiology for his discoveries 


Szent-Györgyi 


ning biological combustion and 
isolation of ascorbic acid. Szent- 
yi's most important scientific work 
d the isolation of ascorbic acid 
idrenal glands and plant tissues. He 
| that the substance was identical 
itamin C, and he also demonstrated 
resence of flavin in animal tissues. 
nt-Gyòrgyi was born in Budapest, 
gary, and attended the University of 
ipest, where he received his medical 
ice in 1917, and various other Euro- 
o schools, studying pharmacology, 
mistry, and biochemistry. He received 
octorate in chemistry at Cambridge 
ersity, England, in 1927. 
»vent-GyGrgyi spent a year in the 
ted States at the Mayo Clinic in Ro- 


er World War Il, Albert Szent-Gyòrgyi con- 
ted experiments at the Marine Biological 
boratory in Woods Hole, Massachusetts. 


chester, Minnesota. He returned to Hun- 
gary in 1932 but emigrated to the United 
States following World War II and be- 
came associated with the Marine Biolog- 
ical Laboratory in Woods Hole, Massa- 
chusetts, where he headed the Institute 
for Muscle Research. 

He was elected to the National Acad- 
emy of Sciences in 1956 and the Amer- 
ican Academy of Sciences in 1957. He 
wrote more than 200 scientific papers 
and several books, including On Oxida- 
tion, Fermentation, Vitamins, Health, and 
Disease (1940), Chemistry of Muscular 
Contraction (1947), Nature of Life: A 
Study on Muscle (1948), Chemical Phys- 
iology of Contraction in Body and Heart 
Muscle (1948), Bioenergetics (1957), 
and Introduction to a Submolecular Bi- 
ology (1960). 


TAMM, IGOR EVGENYEVICH (1895-1971) 


The well-known Soviet physicist Igor 
Evgenyevich Tamm made contributions 
to the peaceful use of atomic power and 
in the 1960s made an international plea 
for disarmament. Tamm’s achievements 
in the field of nuclear physics were many 
and varied, He received the 1958 Nobel 
Prize in physics for his work in interpret- 
ing Cherenkov radiation. The prize was 
shared with Pavel Alekseevich Cherenkov 
and Ilya Mikhailovich Frank, fellow So- 
viet physicists. Cherenkov discovered the 
radiation that bears his name in 1934, 
and Tamm and Frank provided the the- 
oretical interpretation for it in 1937. (See 
Pavel Alekseevich Cherenkov; Ilya Mik- 
hailovich Frank. ) 

Cherenkov radiation is emitted by 
high-energy electrons moving through a 
medium, usually liquid, at a very high 
speed. Tamm and Frank provided a de- 
tailed mathematical explanation of how 
the radiation originates and of its char- 
acteristics, An unusual feature of Cheren- 
kov radiation is that the light waves are 
produced in uniform motion; previously, 
radiation had been produced only 
through irregular motions, such as oscil- 
lation. 

Tamm also worked on ways to control 
thermonuclear reactions. He devised a 
method, now known as the Tamm 
method, for studying the relationships 
among elementary nuclear particles. 

Tamm was born in Vladivostok, the son 
of an engineer. He was graduated in 
physics from Moscow State University 
in 1918. In 1933 he received a doctorate 
in physical-mathematical sciences. 

Beginning in 1919 he taught at several 
universities. In 1924 he became an in- 
structor at Moscow State; he was pro- 
moted to professor relatively quickly, in 
1927. He held the chair of theoretical 


TARTAGLIA 


physics from 1930 to 1941. In 1934 he 
also was made head of the Lebedev In- 
stitute of Physics of the Academy of 
Sciences of the U.S.S.R. For their discov- 
eries concerning electron radiation, Che- 
renkov, Frank, and Tamm were awarded 
the Stalin Prize in 1946. 


TARTAGLIA, NICCOLO (1499-1559) 


The Italian mathematician Niccolo 
Tartaglia was the founder of the science 
of ballistics. He also claimed to have dis- 
covered the solution to the cubic equa- 
tion. He confided his discovery to J. Car- 
dan, who made certain improvements and 
then published the solution as his own. 
This led to a long public controversy 
over who should be credited with solving 
the equation. 


Niccolo Tartaglia 


He was born Niccolo Tartalea in Bres- 
cia, Italy, and because the family was 
extremely poor he was self-educated. In 
1512, when the French invaded Brescia, 
he suffered saber cuts on his head, which 
resulted in a speech impediment that led 
to his adoption of the name Tartaglia, 
meaning “the stutterer,” 

From 1521 to 1534 he taught mathe- 
matics at Verona. In 1534 he went to 
Venice, and in 1548 he went back to 
Brescia to teach geometry. He soon re- 
turned to Venice, however, and lived 
there for the remainder of his life. 

Tartaglia’s first publication, Nova Sci- 
entia (1537), dealt with problems of gun- 
nery and represented one of the first at- 
tempts to establish the laws of falling 
bodies and to apply mathematics to gun- 
nery. Tartaglia claimed credit for invent- 
ing the gunner’s quadrant. 

He also wrote works on such topics 
as the diving bell and the raising of 
sunken ships. His Trattata Generale 
(1556), the best collection of mathemat- 
ical methods of the time, contained an 
important section on statistics. He pub- 
lished the first Italian translation of Eu- 
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clid and the first Latin edition of Archi- 
medes. 


TATUM, EDWARD LAWRIE (1909— ) 


The 1958 Nobel Prize in medicine or 
physiology was shared by Edward Law- 
rie Tatum, George Wells Beadle, and 
Joshua Lederberg for their work in ge- 
netics, Tatum, a biochemist, worked first 
with Beadle and then with Lederberg. 
(See George Wells Beadle; Joshua Leder- 
berg.) 

Tatum was born in Boulder, Colorado. 
He received his bachelor of arts degree 
from the University of Chicago in 1931 
and his doctor of philosophy degree from 
the University of Wisconsin in 1937. Then 
he took a year for postdoctoral study in 
the Netherlands. 

In 1937 Tatum became a research as- 
sociate in biology at Stanford University, 
Palo Alto, California, and received var- 
ious promotions until he was appointed 
professor and department head in 1956. 

It was at Stanford in the early 1940s 
that Tatum worked with Beadle on the 
genetics of bread mold ( Neuspora crassa). 
An important conclusion from this work 
was that each gene produces only one en- 
zyme, With Lederberg at Yale in 1946, 
he opened the field of the genetics of 
bacteria to modem techniques. 

The Rockefeller Institute for Medical 
Research (now Rockefeller University) 
in New York City appointed Tatum a 
member and professor in 1957. He was 
elected to membership in several scien- 
tific and honorary societies, including the 
American Association for the Advance- 
ment of Science and the National Acad- 
emy of Sciences. 


TELLER, EDWARD (1908— ) 


Hungarian-American physicist Edward 
Teller is known as the Father of the Hy- 
drogen Bomb. He was the leading mem- 
ber of the group that developed the prin- 
ciple that led to the first H-bomb. 

Teller was born in Budapest, Hungary, 
and received his doctorate at the Uni- 
versity of Leipzig, Germany, in 1930. 
From 1931 to 1933 he was research asso- 
ciate at the University of Géttingen but 
left Germany after the rise of Hitler. He 
visited Denmark and England and moved 
to the United States in 1935 to become 
professor of physics at George Washing- 
ton University in Washington, D.C. In 
1941 he joined the staff of the Manhattan 
Project, first at Columbia University, then 
at the University of Chicago, and finally 
at Las Alamos, New Mexico. In the 1950s 


Teller began work on the H-bomb. While 
many of his colleagues feared the poten- 
tial of the bomb, Teller argued strongly 
for its development. The exact work that 
Teller did in developing the bomb re- 
mained classified information. 

Teller was the first chairman of the 
Reactors Safeguard Committee of the 
Atomic Energy Commission, He served 
as a professor of physics at the Univer- 
sity of Chicago, 1946-1949 and 1951- 
1952. From 1949 to 1951 he was assistant 
director of the Los Alamos Scientific 
Laboratory. He was professor of physics 
at the University of California from 1953 
to 1960, when he was named professor 
at large. In 1967 Teller was appointed 
assistant director of physics and head of 
the physics department at the radiation 
laboratory in Berkeley, California. 

He was elected to the National Acad- 
emy of Sciences in 1948 and to the Amer- 
ican Academy of Arts and Sciences in 
1954. Teller received the Atomic Energy 
Commission’s Enrico Fermi Award in 
1962. His books include The Structure of 
Matter (with F. O. Rice; 1949), The 
Legacy of Hiroshima (with Allen Brown; 
1962), and The Reluctant Revolutionary 
(1964). 


TESLA, NIKOLA (1857-1943) 


The development and use of alternat- 
ing current were in a large measure due 
to the efforts of the Croatian-American 
electrical engineer and inventor Nikola 
Tesla. He was considered for the 1912 
Nobel Prize in physics, which he would 
have shared with Edison. Tesla so dis- 
liked Edison, however, that he refused 
to be named with him in the award, and 
so it was given to another scientist. 


Nikola Tesla 


Tesla was born in Smiljan in what is 
now Yugoslavia. He studied mathematics 
and physics at the polytechnical school in 
Graz, Austria, and philosophy at the Uni- 
versity of Prague, Czechoslovakia. In 


1884 he went to the United States and 
eventually became a naturalized citizen. 
He worked for several years at the Edi- 
son Company in West Orange, New Jer- 
sey. Edison promised to pay Tesla for 
an invention but never did, and from this 
arose Tesla’s animosity toward Edison, 
Later Tesla established his own research 
laboratory in New York City, where he 
spent the rest of his life. He was a neu- 
rotic individual who was apparently more 
fond of pigeons, which he raised, than he 
was of humans. 

The principle of the rotating magnetic 
field was conceived by Tesla, and in 1888 
he applied this principle to an induction 
motor. He invented a transformer that 
would put out high-voltage electricity in 
the form of alternating current. It was 
more efficient to send alternating current 
over long distances than direct current, 
and on this basis Tesla argued for the 
general use of alternating current. His 
other inventions included a system of arc 
lighting and a wireless system of com- 
munications and power transmission. 


THALES (6407-7546 B.C.) 


Because he lived so long ago, the exact 
details regarding the life and work of 
and scientist 


the Greek philosopher 


As indicated by a map from the time of Thales 
(6407-2546 B.C.), the known world at that time 
was limited to the area around the Mediterra- 


Thales 


are not entirely known. He did, 
cr, found the Ionian school of phi- 
y and is considered to have estab- 
Greek geometry and astronomy. 
some scholars regard him as the 
first scientist, The later Greeks 
m in high esteem, and he was in- 
among the so-called Seven Wise 
F Greece. 
s was born at Miletus on the west 
i what is modern-day Turkey. It 
v that he traveled and studied in 
ind possibly Babylonia. Also, he 
ive been a merchant before he 
to philosophical questions. 
began the study of philosophy by 
to find the one substance from 


3a, of which Greece was the center. To 
according to Aristotle, the Earth was 


shaped object floating on water. 


which all things came. In answer to this 
self-imposed question Thales stated that 
the Earth was formed from a single ele- 
ment, water. He further taught that the 
Earth was a disk-shaped object floating 
on an infinite body of water. The great 
significance of this work was not in the 
answer but in the question. He was the 
first man to consider the physical aspects 
of the world in a rational way, without 
the interference of gods or myths. 

In mathematics he took existing Egyp- 
tian systems and from that basis created 
the first abstract geometry—imaginary, 
one-dimensional lines, It is said that he 
found how to calculate the height of a 
pyramid by using the length of its 
shadow and how to tell the distance be- 
tween a ship and the shore. He is also 
credited with the discovery of geometric 
theorems concerning isosceles triangles, 
the diameter of a circle, and the angles of 
intersecting lines. He was the first man 
known to have approached mathematical 
proofs with step-by-step arguments, a 
method that was perfected later by 
Euclid. 

According to legend Thales became 
famous in his own time for predicting the 
solar eclipse of May 28, 585 s.c. He also 
proposed that the moon shines by re- 
flected light from the sun, Early studies 
in magnetism are attributed to him 
through his discovery that lodestone at- 
tracts iron, and he is said to have dis- 
covered static electricity by noticing that 
amber rubbed with silk will attract light 
objects. 


THEILER, MAX (1899- ) 

Microbiologist Max Theiler, whose re- 
search on the yellow fever virus led to a 
vaccine that protected humans against 
the disease, was honored for his work 
with the 1951 Nobel Prize in physiology 
or medicine. 

Theiler was born in Pretoria, South 
Africa, and studied at Rhodes University 
College in Grahamstown, South Africa, 
and at the University of Capetown Med- 
ical School before going to St. Thomas 
Hospital in London and the London 
School of Tropical Medicine, where he 
received his medical degree in 1922. In 
that same year he joined the Department 
of Tropical Medicine at the Harvard 
Medical School in Boston, Massachusetts, 
where he began his extensive work on the 
yellow fever virus. 

It had been discovered earlier that 
monkeys in the jungles of South America 
were able to transmit the disease to 
human beings. Theiler decided to use 
mice, however, in his yellow fever ex- 
periments; and eventually he was able 
to develop the first attenuated strain of 
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the yellow fever virus in a common al- 
bino mouse. Further experiments pro- 
duced a serum that was safe and effective 
for human immunization against the fe- 
ver, 

Theiler remained at the Harvard Med- 
ical School until 1930, when he joined 
the International Health Division of the 
Rockefeller Foundation. Eventually he 
became the foundation’s associate direc- 
tor for medical and natural sciences and 
director of its Virus Laboratories. He 
left the foundation in 1964 to become 
professor of epidemiology and microbi- 
ology at Yale University in New Haven, 
Connecticut. 


THEORELL, AXEL HUGO TEODOR 
(1903- ) 

For his discoveries on the nature and 
mode of action of oxidative enxymes, 
Swedish biochemist Axel Theorell was 
awarded the 1955 Nobel Prize in physi- 
ology or medicine. 

Theorell was born at Linköping, Swe- 
den, the son of a physician. He studied 
at Karolinska Institutet in Stockholm and 
received his medical degree there in 
1930. After serving as assistant professor 
of biochemistry at the University of Upp- 
sala in 1932-1933, he went to Berlin- 
Dahlem, Germany, where he spent a year 
studying with Otto Warburg at his insti- 
tute. In 1937 Theorell became a research 
director at Karolinska Institutet. 

He had become interested in biochem- 
istry while still a student, and in 1926 
he discovered and described the lipo- 
proteins in blood plasma. In 1932 The- 
orell became the first man to crystallize 
and describe some of the properties of 
myoglobin, the hemoprotein that gives 
the red color to certain muscles. He also 
purified and crystallized other hemo- 
proteins, including cytochrome C, horse- 
radish peroxidase, and lactoperoxidase. 

Theorell crystallized the so-called “yel- 
low enzyme” in 1934 using electrophor- 
etic methods. He split the enzyme into 
two parts, the latter of which was a 
monophosphate ester of riboflavin (vita- 
min B?), now called FMN (flavin-mono- 
nucleotide), After 1950 Theorell con- 
centrated on alcohol dehydrogenases. He 
became a foreign associate of the U.S. 
National Academy of Sciences in 1957. 


THOMPSON, SIR BENJAMIN (1753-1814) 

The British physicist Sir Benjamin 
Thompson, or Count Rumford, became 
famous in the sciences for proposing that 
heat is a form of motion and for helping 
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to establish the Royal Institution. He 
also gained fame from his adventures and 
his administrative posts in Great Britain 
and on the Continent. 

Thompson was born at Woburn, Mas- 
sachusetts, when the Thirteen Colonies 
still belonged to Great Britain. In 1766 he 
was apprenticed to a storekeeper in Sa- 
lem, Massachusetts, but had to quit after 
being injured during a fireworks display. 
He then spent some time at Harvard 
University, taught in New Hampshire 
and Massachusetts, and educated himself 
somewhat in science and medicine. He 
also worked for a while as an assistant 
storekeeper in Boston. When he was eigh- 
teen years old, he married a rich widow 
and settled down. 

In a few years, however, the American 
Revolutionary War broke out, and 
Thompson was a loyalist. When the Brit- 


In his researches on heat, the British physicist 
Sir Benjamin Thompson made use of a calo- 
rimeter that he himself had constructed. 


ish troops left Boston he sailed to En- 
gland with them, leaving his family be- 
hind. During the war he worked for the 
British government as the secretary of 
the colony of Georgia and later as under- 
secretary of state. He was also busy with 
scientific studies and in 1779 was elected 
a member of the Royal Society. He was 
knighted in 1784. 


Sir Benjamin 
Thompson 


At the invitation of the Elector of Ba- 
varia, Thompson entered the Bavarian 
civil and military service in 1784. He 
became the minister of war and of police 
and was responsible for the arsenal at 
Munich. It was while serving in this ca- 
pacity that he came to suspect that heat 
is a form of motion. 

Thompson was watching as brass can- 
nons were being made and noticed that 
the process of boring into metal produced 
great heat. At that time, heat was thought 
of as a fluid that could be poured from 
one substance into another. Thompson 
speculated that if the mysterious fluid 
heat, supposedly originally contained 
within the brass, could be “poured” back 
into the metal, the metal would immedi- 
ately melt. He reasoned, therefore, that 
heat was not inherent in the brass but 
was generated by the motion of the borer. 

He was the first scientist to try to cal- 
culate a mechanical equivalent for heat. 
He also weighed water and ice and could 
find no difference between their weights. 
His scientific inventions included a calori- 
meter and a photometer. 

The Elector of Bavaria gave Thompson 
the title of Count Rumford in 1791. 
(Rumford was the name of the Massa- 
chusetts town where his wife, who died 
in 1792, had been born.) In 1798 he re- 
turned to England and set about estab- 
lishing the Royal Institution. He took up 
residence in Paris in the early 1800s and 
in 1805 married the widow of Antoine 
Laurent Lavoisier. The marriage was a 
failure, and they soon separated. 

Thompson helped organize the Bavar- 
ian Academy of Arts and Sciences. He 
also established the Rumford medals of 
the Royal Society and of the American 
Academy of Arts and Sciences. 


THOMSON, SIR JOSEPH JOHN 
(1856-1940) and 
SIR GEORGE PAGET (1892— ) 


The work of the English ph 
Joseph John Thomson and his son Sir 
George Paget Thomson, also a phys 
involved important studies of elect 
The elder Thomson is common! 
garded as the discoverer of the ele 
and for his investigations into tl: 
charge of electricity through ga 
was awarded the 1906 Nobel Pri i 
physics, The younger Thomson 
ered the diffraction of electrons by 
tals, and for this work he shared th 
Nobel Prize in physics with C. J. I 
son. (See Clinton Joseph Davi 

The elder Thomson was born at ( 
ham Hall, near Manchester, Engla 
was educated at Owens College 
chester, at first studying to becor 1 
engineer; later he switched his co 
study to mathematics and physi 
1876 he entered Trinity College 
bridge, on a scholarship. For the 
his life he was connected wit! 
bridge—as a student, a professor, 
researcher. 

In 1884 he became professor of y 
at Cambridge. He also headed the 
endish Laboratory, and seven of 
search assistants later in their live 
Nobel Prizes. He was a professor 
Royal Institution in London from 
to 1918, when he returned to Camb 
to become master of Trinity Colleg 

His first major work, which app: 
in 1883, was a treatise on vortex ring; 
won him the Adams Prize. His exp: 
ments using an electric charge to «« 
dense water vapor into drops was an i 
portant step toward the invention of tì 
cloud chamber. Some of Thomson’s grea 
est discoveries were made as a result < 
his interest in the effects of the discharg« 
of electricity through gases. 

In 1897 he provided the final proof 
that cathode rays are tiny particles, He 
also measured the ratio of the charge of 
these particles to their mass (e/m) and 
found that the mass of one of these par- 
ticles was about 1/1000th that of the 
lightest atom, the hydrogen atom. At first 
Thomson called these small particles 
corpuscles; later he adopted the name 
electron. 

From these findings Thomson proposed 
one of the first theories regarding inter- 
nal atomic structure. He considered the 
electron to be a universal component of 
matter. The atom, he thought, was a 
spherical field of positively charged elec- 
tricity; enough negatively charged elec- 
trons were embedded in the field to neu- 
tralize the positive charge. For a decade 


ysicist Sir 


m 


ae 
a 


on and his 


assistants 


Sir Joseph 
Thomson 


devoted 


elves to investigating the proper- 
electrons as conductors of electric- 
gases and as essential parts of 


1912 Thomson made another im- 
it discovery, isotopy, which opened 
area of study in atomic structure. 
experimenting with the deflection 
itively charged ions through elec- 
nd magnetic fields, he found that 
s neon consists of atoms of at least 
lifferent weights. These atoms came 


aves created by the interference of light 
er from those that are a result of the 


ion of electrons (b), 


as shown by 


Paget Thomson when he passed elec- 
through thin metal foil. 


to be known as isotopes. Subsequently, 
many different isotopes were discovered. 

Sir Joseph Thomson received many 
honors and awards during his lifetime. In 
1884 he was elected a fellow of the Royal 
Society. He served as president of the so- 
ciety from 1915 to 1920. In 1908 he was 
knighted, and in 1912 he was awarded 
the Order of Merit. After his death at 
Cambridge, his remains were interred in 
Westminster Abbey, London. 

Thomson’s major published works in- 
clude The Application of Dynamics to 
Physics and Chemistry (1888), Elements 
of the Mathematical Theory of Electricity 
and Magnetism (1895), Conduction of 
Electricity through Gases (1903), Rays 
of Positive Electricity and Their Applica- 
tion to Chemical Analysis (1913), and 
The Electron in Chemistry (1923). 

The younger Thomson, only son of 
Sir Joseph John, was born at Cambridge 
and took his degree at Trinity College in 
1914. During World War I he served for 
a short time as an infantry officer in 
France and then conducted research on 
aerodynamics for the government. In 
1922 he became professor of physics at 
the University of Aberdeen in Scotland. 

While at Aberdeen he learned of De 
Broglie’s theory regarding the wave prop- 
erties of electrons. Thomson had been 
doing studies on the scattering of pro- 
tons produced in a gaseous discharge 
under low pressure. By reversing the po- 
larity of the discharge he was able to 
pass cathode rays through thin metal 
foil, thereby obtaining his results on the 
diffraction of electrons. Analysis of the 
photographic patterns produced from 
these experiments supported De Brog- 
lie’s electron-wave theory. 

From 1930 to 1952 he was professor 
of physics at the Imperial College of Sci- 
ence and Technology in London. During 
World War II he was chairman of the 
British Commission on Atomic Energy, 
and after the war he devoted some time 
to the study of controlled thermonuclear 
reactions. From 1952 until his retirement 
in 1962 he was master of Corpus Christi 
College, Cambridge. 

In 1930 he was elected a fellow of the 
Royal Society. He received the Hughes 
Medal in 1939 and the Royal Medal in 
1949, In 1943 he was knighted. His pub- 
lished works include Applied Aerody- 
namics (1919), Wave Mechanics of the 
Free Electron (1930), The Atom (1930), 
and Theory and Practice of Electron Dif- 
fraction (1939). 


THOMSON, SIR WILLIAM (1824-1907) 


The British mathematician and physi- 
cist Sir William Thomson was active in 
many areas of experimental and theoret- 
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ical physics. He discovered the second 
law of thermodynamics, suggested the 
absolute scale of temperature, and made 
improvements in telegraphic instruments, 
His work on electric signals was partic- 
ularly important to the success of the At- 
lantic cable. 


The British scientist Sir William Thomson made 
many contributions to physics, especially in 
the area of thermodynamics. It is for his work 
in telegraphy, however, that he is best known; 
he was largely responsible for the laying of 
the first Atlantic cable. 


Thomson was born at Belfast, Ireland. 
His father was professor of mathematics 
at the University of Glasgow; and when 
Thomson was eight years old, he began 
attending his father’s lectures, At age 
eleven he entered the University of Glas- 
gow but transferred to Peterhouse, Cam- 
bridge, in 1841. After graduating in 1845, 
he went to Paris to study experimental 
physics and in 1846 was appointed pro- 
fessor of natural philosophy at Glasgow, 
where he remained until his retirement in 
1895. 

Some of his earliest work dealt with 
the age of the Earth. He theorized that 
the Earth broke away from the sun; and 
basing his figures on the length of time 
necessary for the Earth to cool down to 
its present temperature, he concluded 
that the Earth was probably about 100 
million years old. This theory, announced 
in 1846, touched off a long controversy 
between geologists and Thomson’s sup- 
porters. 
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In 1847 Thomson met J. P. Joule, whose 
work on heat had a strong influence on 
him. Together the two men worked on 
the Joule-Thomson effect, regarding the 
temperature drop in gases expanding into 
a vacuum. This later became important 
in attaining extremely low temperatures. 

Extending his work in this area, Thom- 
son suggested that the energy of gas 
molecules, not the volume of the gas, 
reached zero at —273° C. This led to the 
introduction of the term kinetic energy. 
Thomson further suggested that —273° C 
be considered absolute zero and in 1848 
introduced the absolute, or Kelvin, scale 
of temperature. (Since then absolute zero, 
the lowest temperature possible, has been 
set at —273.18° C.) 

In a paper on the dynamics of heat 
(1851), Thomson presented the principle 
of the law of the conservation of energy 
and the second law of thermodynamics. 
He concluded that all energy is dissi- 
pated in the form of heat and that there- 
fore the universe is burning itself out. 

To the general public, however, Thom- 
son was most famous for his work on 
telegraphy, especially the laying of the 
first Atlantic cable. Thomson suggested 
the use of a stranded form of copper con- 
ductor and presented the rule that the 
speed of signaling is inversely propor- 
tional to the square of the length of the 
cable. He also invented the mirror gal- 
vanometer and the siphon recorder for 
telegraphy and introduced the telephone 
to Great Britain. 

Among his many other inventions were 
an improved marine compass, a gyrostat, 
sounding gauges, tide predictors, the Kel- 
vin standard balance (a type of dyna- 
mometer), and a quadrant electrometer. 
Thomson also applied mathematics to 
electric oscillation and worked on the 
theory of electromagnetism. In his last 
years he became very conservative, stat- 
ing that all the important discoveries in 
physics had already been made. He never 
believed that energy is released from 
radioactive atoms. 

For his contributions to telegraphy he 
was knighted in 1866; and in 1892 he was 
raised to the peerage, becoming Baron 
Kelvin of Largs (Scotland). In 1877 he 
was elected a foreign associate of the 
French Academy of Sciences, from 1890 
to 1894 he served as president of the 
Royal Society, and in. 1902 he was 
awarded the Order of Merit. After his 
death he was honored with burial in 
Westminster Abbey, next to Sir Isaac 
Newton. 


THORNDIKE, EDWARD LEE (1874-1949) 


The U.S. psychologist Edward Lee 
Thorndike developed theories of learning 
that influenced educators in favor of so- 
cial utility. He was a prolific writer, pro- 
ducing more than 500 books and articles 
in his lifetime. His best-known work was 
probably Educational Psychology, which 
was published in three volumes in 1913- 
1914. He wrote also on the theory of psy- 
chological testing; vocational counseling; 
and the determination of wants, needs, 
interests, and aptitudes. 

His work in the field of animal intelli- 
gence was very important, particularly 
his studies of behavior in monkeys. Other 
interests included arithmetic, handwrit- 
ing, and language. 

Thorndike was born in Williamsburg, 
Massachusetts. He received a bachelor’s 
degree from Wesleyan University, Mid- 
dletown, Connecticut, in 1895, a master’s 
degree from Harvard University in 1897, 
and a doctorate from Columbia Univer- 
sity, New York City, in 1898. After teach- 
ing for a year at Western Reserve Uni- 
versity, Cleveland, Ohio, he moved to a 
post at the Teachers College of Colum- 
bia, where he spent the rest of his career 
except for those times when he was a 
visiting lecturer at Cornell University, 
Ithaca, New York; Johns Hopkins Uni- 
versity, Baltimore, Maryland; and Yale 
University. In 1904 he was appointed 
professor. 

Recognized as a great authority by his 
colleagues, he was elected president of 
the Psychological Association in 1912. He 
also served as president of the New York 
Academy of Sciences and the American 
Association for the Advancement of Sci- 
ence (1934). Thorndike received honor- 
ary degrees from many institutions of 
higher learning, including Wesleyan, Har- 
vard, Edinburgh University in Scotland, 
and the State University of Iowa. 


THURET, GUSTAVE ADOLPHE 
(1817-1875) 


The French botanist Gustave Thuret is 
noted for his work on the reproduction 
of algae. In 1840 his first paper appeared, 
detailing the discovery of flagella of sper- 
matozoids in the green algae Chara; four 
years later, together with the French al- 
gologist Joseph Decaisne, he announced 
finding spermatozoids in the brown algae 
Fucus; and in 1854 he gave the first ac- 
counts of fertilization and hybridization 
in Fucus. With Edouard Boret, another 
French algologist, in 1867, he determined 
the life cycle of Florideae, a group of 
red algae. 

Thuret was born in Paris. After receiv- 
ing a law degree in 1838, he studied 


under Decaisne. In 1840 he went to Con- 
stantinople as French attaché bul re- 


turned to France within a short timc and 
devoted himself to science. He spent 
much time studying algae on the A ie 
coast of France; but in 1857 he mo to 


Antibes on the Riviera, where he b- 
lished an outstanding botanic ¢ n 
His Études phycologiques was pu d 
posthumously in 1878. 


TISELIUS, ARNE WILHELM KAURIN 
(1902— ) 


The Swedish biochemist Ame 1 
is best known for his research on e! 
phoresis and adsorption analysis. | s 
work, especially his discoveries ab 
complex nature of the serum prote > 
was awarded the 1948 Nobel Pri 1 
chemistry. 


The long hours that Arne Tiselius spent in 
laboratory doing research on electrophore 
and adsorption analysis led to his discoverie 
about the complex nature of serum proteins 


Tiselius was born in Stockholm, Swe- 
den, and studied chemistry and physics 
at the University of Uppsala, where he 
received his doctorate in 1930. While a 
student, he worked with Theodor Sved- 
berg, a famous chemist who became a 
Nobel laureate in 1926. From 1930 to 
1938 Tiselius was a lecturer in the Insti- 
tute of Physical Chemistry at Uppsala. 
As a Rockefeller Foundation fellow, Ti- 
selius visited the United States in 1934 
and 1935, working at the Institute for 
Advanced Study at Princeton University 
in New Jersey. In 1937 he returned to 
Uppsala and became a professor of bio- 
chemistry. He was chairman of the Swe- 
dish State Council for Research in Nat- 
ural Science from 1946 to 1950, became 
vice president of the Nobel Foundation 
in 1947, and was elected a foreign asso- 
ciate of the U.S. National Academy of 
Sciences in 1949, 


TISSERAND, FRANGOIS FELIX 
(1845-1896) 


rench astronomer François Tis- 
t remembered for his the- 


The 


serani 
oretic searches and his excellent text- 
books the course of his studies, he 
took various astronomical expedi- 
tions g to Malacca to observe the 
total clipse of August 1868 and to 
Japa Martinique in 1874 and 1882, 
resp: , to observe the transits of 
Vem 

T was born at Nuits-Saint- 
Geo: ‘Ste-d’Or, and studied science 
atti Normale Supérieure in Paris. 
In 1 was appointed assistant to 
Urb errier at the Paris Observa- 
tory 73 he became director of the 
obse at Toulouse; in 1878 he suc- 
ceed verrier in the Académie des 
Scier nd in 1892 he returned to the 
Paris vatory, this time as director. 

W ı that capacity, he completed 
the: ation of the Lalande catalogs 
and canization of the work on the 
inte ıl photographic catalog Carte 
du ( teanwhile, he continued work- 
ing: »est-known textbook, Traité de 
mé céleste (four volumes; 1889- 
1896 addition, in 1884 he founded 


the mical journal Bulletin astro- 
non containing his work on the 
thec he capture of periodic comets. 


TITC R, EDWARD BRADFORD 
(18: 7) 

I ritish-U.S. psychologist Edward 
Br Titchener was a leader of the 
strusival school of psychology. He 
stre the need for experiments and for 


controlled introspection. 

litchener was born at Chichester, En- 
gland, and educated at Brasenose Col- 
lege, Oxford, and at Leipzig University 
in Germany, where he received his doc- 
torate in 1892. The following year he 
moved to the United States and joined the 
faculty of Cornell University, Ithaca, 
New York, as assistant professor of psy- 
chology. In 1895 he was named Sage 
Professor of Psychology there, and in 
1909 he was appointed to another profes- 
sorship in the graduate school. 

While at Cornell he published 8 books 
and more than 200 articles. His chief 
work was probably Experimental Psy- 
chology, published in four volumes from 
1901 to 1905. He also wrote An Outline 
of Psychology (1896), Lectures on the 
Elementary Psychology of Feeling and 
Attention (1908), and A Textbook of 
Psychology (1910), as well as edited the 
American Journal of Psychology for more 
than thirty years. 


Titchener was a member of the Zoo- 


logical Society of London, the Royal 
Society of Medicine, and the Polish 
Academy of Arts and Sciences. In 1904 
he founded the Society of Experimental 
Psychology. 


TODD, SIR ALEXANDER ROBERTUS 
(1907- ) 

The British chemist Sir Alexander 
Todd conducted extensive research on 
chemical substances of biological inter- 
est. His work concerning the structure 
and synthesis of nucleosides, nucleotides, 
and nucleotide coenzymes eamed him 
the 1957 Nobel Prize in chemistry. 

He was born in Glasgow, Scotland, and 
received his education at the University 
of Glasgow and the University of Frank- 
furt in Germany, where he obtained his 
doctorate in 1930, Before joining the staff 
of the Lister Institute of Preventive Medi- 
cine in London, he did research at Edin- 
burgh University in Scotland from 1934 
to 1936. He was named professor of 
chemistry and chairman of the depart- 
ment at Manchester University in En- 
gland in 1938, became professor of or- 
ganic chemistry at Cambridge Univer- 
sity in 1944, and in 1963 was appointed 
master of Christ's College. 

Todd’s chemical research led him to a 
successful explanation of the constituents 
of vitamin B,, vitamin E, and hashish. 
His work on the structure and synthesis 
of nucleosides and nucleotides contrib- 
uted much to the knowledge of the struc- 
ture and biological function of acids. 

He was elected to the Royal Society of 
London in 1942, and in 1955 he was 
elected a foreign associate of the U.S. Na- 
tional Academy of Sciences. From 1952 to 
1964 he served as chairman of the British 
government's Advisory Council on Scien- 
tific Policy. Todd was knighted in 1954 
and became Baron of Trumpington in 
1962. 


TOLMAN, EDWARD CHACE (1886-1959) 


The U.S. psychologist Edward Tolman 
developed the idea of purposive be- 
haviorism. In contrast with John B. Wat- 
son, who defined the unit of behavior as 
a simple conditioned reflex, Tolman be- 
lieved it to be complex and to include a 
goal-oriented series of body movements 
guided by cognitive processes, all this 
activity taking place for specific pur- 
poses. His chief work was Purposive Be- 
havior in Animals and Men (1932). 

Tolman was born at West Newton, 
Massachusetts, and educated at the Mas- 
sachusetts Institute of Technology, Cam- 
bridge, and at Harvard. After receiving 
his doctorate from the latter school in 
1915, he became an instructor in psy- 
chology at Northwestern University, 


TOMONAGA 


Evanston, Illinois. In 1918 he went to the 
University of California at Berkeley, 
where he stayed until his retirement in 
1954, being promoted to assistant profes- 
sor in 1920, associate professor in 1923, 
and professor in 1928. His affiliations in- 
cluded membership in the Psychological 
Association and the American Association 
for the Advancement of Science. 


TOMONAGA, SHIN'ICHERO (1906- ) 

The Japanese physicist Shin’icherd 
Tomonaga shared the 1965 Nobel Prize 
in physics with two Americans, J. S. 
Schwinger and R. P. Feynman. He was 
the second Japanese to win the award. 
The three, working independently dur- 
ing the early 1940s, conducted similar 
research in quantum electrodynamics. 


Shin'ichero Tomonaga 


They solved difficulties involved in car- 
rying out quantitative calculations of the 
interplay between charged particles; they 
reworked the formalism of electrody- 
namics, using methods that made calcu- 
lation easier; and they showed that the 
divergences appearing in physical quan- 
tities were all consequences of two fun- 
damental divergences, those in the cor- 
rections to the mass and charge of the 
electron arising from its interaction with 
photons. (See Richard Phillips Feynman; 
Julian Seymour Schwinger.) 

Tomonaga was born in Tokyo, Japan, 
the son of a philosopher and professor. 
He attended Kyoto University and later 
did research at the Science Research 
Institute in Tokyo and with Werner Karl 
Heisenberg in Germany. In 1941 he be- 
came professor at the Tokyo Education 
University and served as its president 
from 1956 to 1962. A year later he was 
made chairman of the Japan Science 
Council. 
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TORREY, JOHN (1796-1873) 


The U.S. botanist and chemist John 
Torrey is known as the originator of the 
great work Flora of North America. He 
also helped found, in 1817, the Lyceum 
of Natural History, forerunner of the 
New York Academy of Sciences. 

Torrey was born in New York City 
and educated at the College of Physi- 
cians and Surgeons there. After receiving 
his medical degree in 1818, he practiced 
for only a short time, instead holding 
professorships in chemistry at his alma 
mater (1827-1855) and in chemistry and 
natural history at Princeton University, 
New Jersey (1830-1854). In addition, he 
became New York State botanist in 1836, 
and from 1853 to 1873 was chief assayer 
to the U.S. Assay Office in New York 
City. 

Besides collaborating with Asa Gray on 
the early volumes of Flora of North 
America from 1838 to 1843, Torrey also 
issued a monograph on the Cyperaceae 
in 1836 and produced Flora of the State 
of New York in 1843, In about 1860 he 
gave his botanical library and herbarium 
to Columbia University in New York 
City. These were transferred in 1899 to 
New York Botanical Garden. During his 
lifetime he was honored with the found- 
ing of the Torrey Botanical Club. 


TORRICELLI, EVANGELISTA (1608-1647) 


The principle of the barometer was 
discovered by the Italian mathematician 
Evangelista Torricelli, who also devised a 
mercury barometer. In other areas he 
worked on the properties of a cycloid, 
made a simple microscope, introduced 
some improvements in the telescope, and 
produced written works on fluid motion, 
the theory of projectiles, and fixed 
pulleys, 

While studying vacuums, Torricelli in- 
advertently discovered the principle of 
the barometer. He was investigating the 
possibility that water could be pumped 
upward because of the weight of air 
pressing on the water outside the pump, 
rather than because of some natural need 
to fill a vacuum. With a vacuum pump, 
water could be raised to only about 
thirty-four feet. Torricelli devised an ex- 
periment using mercury, which is 13.6 
times as heavy as water. He filled a long 
tube with mercury and stood it upright 
with the open end in a dish of mercury. 
Some of the mercury ran out, leaving a 
column of mercury about thirty inches 
high. The space between the mercury 


and the end of the tube constituted the 
first man-made vacuum. Torricelli attrib- 
uted the daily variations in the height of 
the mercury to daily variations in atmo- 
spheric pressure. Thus, he had invented 
the world’s first barometer. 


Evangelista Torricelli’s first barometer, con- 
sisting of a long tube of mercury standing up- 
right in a dish of mercury, was the model for 
later, refined mercury barometers. 


ABTA TORRICELLIVS 4 


Evangelista 
Torricelli 


Torricelli was born at Faenz ar 


Ravenna. Apparently he was an m 
and received his early education fi 1e 
Jesuits, but in 1627 he went to Ro o 
study mathematics and science. O rst 
reading the works of Galileo in 1 e 


was greatly impressed; and a muti. d- 
miration sprang up between the tw n, 
for Galileo, in turn, was impresse by 
Torricelli's book on mechanics an in 
1641 invited Torricelli to come to 
ence. For the last three months o 

leo’s life, Torricelli worked as hi 

ant and, after his death, took his p us 
mathematician to the grand duke 

cany and professor at the Fl 
Academy. 


TOWNES, CHARLES HARD (1915 

The U.S. physicist Charles Tow: s 
awarded the 1964 Nobel Prize in | $ 
for his invention of the maser (mo! 
amplification by stimulated emissi 
radiation). He shared the prize 
Soviet physicists Nikolai Basov and 
sandr Prokhorov, who did fundam 
research on the maser-laser princi 
(See Nikolai Gennadievich Basov; Al 
sandr Mikhaylovich Prokhorov.) 

The maser employs molecules to «i 
plify electromagnetic waves or to produc 
electromagnetic oscillation. (The laser 
operates on the same principle but uses 
light instead of molecules.) Secondary 
waves are thus initiated, and these must 
be of great speed. Masers have been in- 
valuable in amplifying faint radio waves 
in communications and for use in atomic 
clocks. 

With a background in radar, Townes 
was well equipped to study microwave 
amplification. During World War II he 
worked on radar and on computers. Ad- 
vanced electronic oscillators were being 
developed at that time through radar 
technology. He used microwave oscilla- 
tors again after the war, in the field of 
microwave spectroscopy. By 1951 Townes 
had created a system of molecules for 
amplifying radiation at short wave- 
lengths. With two colleagues at Colum- 
bia University, New York City, he built 
the first maser in 1954. 

Townes, the son of a lawyer, was born 
at Greenville, South Carolina, where he 


studied physics and modern languages at 
Furman University, receiving a bachelor 


of arts degree and a bachelor of science 
degre in 1935. After receiving a mas- 
ter ree in physics from Duke Univer- 
sity )urham, North Carolina, in 1937, 
he ded to earn a doctorate in phys- 
ics e California Institute of Tech- 
nol isadena, in 1939, From 1939 to 
194 vorked as a physicist on the staff 
of :lephone Laboratories. He joined 
th lty of Columbia University in 
19 ving as director of its radiation 
la vy for two years and as chairman 
of ysics department for five years. 
I leave of absence, he became a 
vi ident and director of research of 
th tute for Defense Analyses, Wash- 
in; D.C., in 1959 and remained in 
ti t for two years. In 1961 he was 
ay d provost and professor of phys- 
ic » Massachusetts Institute of Tech- 
ne Cambridge. 

TO HEND, CHARLES TOWNSHEND, 


SE D VISCOUNT (1674-1738) 


British statesman Charles Town- 
also a noted agricultural spe- 


sh vas 


ci Because of his interest in promot- 
in use of turnips in agricultural 
pr he earned the nickname “Tur- 
ni vnshend.” He promoted the use 
of turnip as winter fodder and em- 


pl d its role in a four-course rotation 
5 whereby farmers could plant 
t on the portion of their land that 
ti ould ordinarily keep fallow in a 
Ù n system. 
nshend was born at Raynham, 
ilk, and educated at Eton and at 
College, Cambridge University. 
ng his school days he began a close 
iciation with Robert Walpole, later 
earl of Orford. He and Walpole car- 
d on busy political careers as Whigs, 
and in 1713 he married Walpole’s sister 
Dorothy. Townshend served as secretary 
of state from 1714 to 1716 and again from 
1721 to 1730, One of his most noteworthy 
diplomatic achievements was to provide 
a balance to the Vienna Alliance between 
Austria and Spain by promoting the 
League of Hanover, an alliance of En- 
gland, France, and Prussia. 


TRAUBE, ISIDOR (1860-1943) 

The German physical chemist Isidor 
Traube is considered the founder of cap- 
illary chemistry. He made advances in 
critical temperature studies, osmosis, col- 
loids, and surface tension. His practical 
interests included physical chemical stud- 
ies of gastric juice, urine, blood, and 
milk. To help him in his work, he de- 
signed a viscometer and a capillarimeter. 
The rule that he formulated, which can 


be applied to various investigative stud- 
ies, states that the surface tension of 
capillary active organic compounds be- 
longing to one homologous series de- 
creases with each additional CH» group 
in a constant ratio, which is about three 
to one. 

Traube was born at Hildesheim and 
educated at the University of Berlin, 
where he received his doctorate in 1882. 
Eight years later he had attained a pro- 
fessorship at the Technische Hochschule 
in Berlin. 


TREVITHICK, RICHARD (1771-1833) 

An English engineer and pioneer 
builder of high-pressure steam engines, 
Richard Trevithick is remembered as the 
Father of the Locomotive. In 1801, at 
Camborne, he built the first high-pressure 
steam road carriage; and in 1802 he and 
a cousin, Andrew Vivian, took out a pat- 
ent for the high-pressure engine for both 
stationary and locomotive use. 

Trevithick was born near Illogan, 
Cornwall, to a mining family; and by the 
time that he was nineteen years of age, 
he was a successful mining engineer. He 
demonstrated his first steam carriage at 
Beacon Hill on Christmas Eve 1802, but 
only three days later it was destroyed by 
fire. In 1803 he demonstrated his second 
one in London; but since no one seemed 
impressed, he returned to mining, build- 
ing stationary engines and constructing 
a steam locomotive to haul iron and 
miners on a ten-mile tramway connect- 


ing Abercynon and Merthyr Tydfil, 
Wales. 
From 1813 to 1827 he traveled in 


South America—Peru, Chile, and Colom- 
bia—building high-pressure engines and 
working in the mines there; however, he 
returned penniless. He is commemorated 
at Camborne with a statue and in London 
with a memorial window at Westminster 
Abbey. 


TRUMPINGTON, BARON TODD OF. 
See Todd, Sir Alexander Robertus. 


TRUMPLER, ROBERT JULIUS (1886-1956) 


The Swiss-born U.S. astronomer Robert 
Trumpler is known for his extensive re- 
search on galactic star clusters, for ob- 
servational tests of the relativity theory, 
and for his study of Mars. An accurate 
observer, he discovered the differences in 
galactic clusters used to determine their 
ages and proved that a tenuous interstel- 
lar haze exists in the Milky Way and dims 
the light of stars seen through it. 

Trumpler was born in Zürich and edu- 
cated there and in Germany. From 1919, 
when he joined the staff of the Lick Ob- 
servatory, until 1951, when he retired as 


TSIOLKOVSKY 


professor emeritus, he was connected 
with the University of California, at the 
Berkeley campus from 1938. 

His publications include Observations 
of the Deflection of Light Passing through 
the Sun’s Gravitational Field (with W. 
Campbell; 1923); Spectral Types in 
Open Clusters (1925); Observations of 
Mars at the Opposition of 1924 (1927); 
Preliminary Results on the Distances, 
Dimensions, and Space Distribution of 
Open Star Clusters (1930); and Obser- 
vational Evidence of a Relativity Red 
Shift in Class O Stars (1935), 


TSIOLKOVSKY, KONSTANTIN 
EDUARDOVITCH (1857-1935) 

As early as the mid-1890s, space flight 
was seriously considered a possibility by 
the farsighted Russian physicist Konstan- 
tin Tsiolkovsky. By 1898 he was con- 
vinced of the superiority of liquid-fueled 
rockets over those powered by solid fuels. 


Konstantin 
Tslolkovsky 


In his book The Exploration of Cosmic Space 
by Means of Reaction Motors, which he began 
in 1898, the space-sclence pioneer Konstantin 
Tsiolkovsky, with great farsightedness, pre- 
sented such advanced concepts as space sta- 
tions and staging by booster rockets. 
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He was also the first man to suggest the 
construction of a space station. 

Tsiolkovsky was born at Izhevsk, Rya- 
zan Province, Russia. Due to scarlet fever 
he became almost totally deaf at age nine 
and as a result was tutored at home. In 
mathematics and physics he was largely 
self-taught. When he was sixteen years 
old, he went to Moscow to study astron- 
omy, chemistry, mathematics, and phys- 
ics. By using an ear trumpet that he had 
made himself, he was able to attend 
lectures. 

In 1876 he began teaching mathe- 
matics at Borovsk, near his native vil- 
lage. He worked out the kinetic theory 
of gases and in 1881 submitted his find- 
ings to the St. Petersburg Society of 
Physics and Chemistry, but he was in- 
formed that this work had been done 
earlier by James Clerk Maxwell. 

Undaunted, in 1882 he moved to 
Kaluga, where he accepted a teaching 
position and settled down to do research 
in aeronautics and astronautics. He con- 
structed a wind tunnel and investigated 
the aerodynamics of airfoils. Dirigibles 
were of particular interest to him. 

His thinking was far ahead of his time 
in the fields of rocketry and space flight. 
He developed the theory of mass ratio, 
and his book The Exploration of Cosmic 
Space by Means of Reaction Motors pre- 
sented such concepts as the vector con- 
trol of rockets by vanes in the exhaust. 
He also presented the method of staging 
by booster rockets, 


TULL, JETHRO (1674-1741) 


The English agriculturist Jethro Tull 
initiated major improvements in farming 
practices in his country. He was the in- 
ventor of a seed drill that sowed seeds in 
rows, allowing cultivation between the 
rows. The drill was a great step toward 
the mechanization of cultivation and was 
described in Tull’s book The New Horse 
Houghing Husbandry (1731). Tull also 
initiated the use of a horse-drawn hoe to 
uproot weeds from the growing crop. 

Although his methods saved seed and 
successfully curbed the weed crop, they 
were strongly attacked at first. Eventu- 
ally, however, they were adopted by 
many large landowners in England. One 
of Tull’s early admirers was the French 
philosopher Voltaire, who used the new 
methods on the farmlands of his estate. 

Tull was born at Basildon, Berkshire, 
and educated at St. John’s College, Ox- 
ford University. Having read law at 
Gray’s Inn, London, he was called to the 


bar in 1699. About two years later he be- 
gan farming an estate at Hawberry, near 
Wallingford, Oxfordshire; and in 1709 he 
moved to Prosperous Farm, near Hunger- 
ford, Berkshire, where he remained for 
the rest of his life. 


TURNER, HERBERT HALL (1861—1930) 


The English astronomer Herbert Hall 
Turner pioneered in many procedures 
universally used in measuring astronom- 
ical photographs. He is known for his in- 
troduction of standard coordinates in the 
reduction of astronomical photographs 
and for his work in helping complete the 
Oxford and other zones of the astro- 
graphic catalog. 

Turner was born at Leeds, Yorkshire, 
and educated at Trinity College, Cam- 
bridge, of which he later became a fel- 
low. In 1884 he was named chief assistant 
at the Royal Observatory, Greenwich, 
and remained there until 1893, when he 
went to Oxford as Savilian Professor of 
Astronomy and director of the University 
Observatory. 

His publications include more than 200 
papers and essays on astronomy and seis- 
mology. In addition, he contributed 
monthly to the periodical Observatory 
under the heading “From an Oxford 
Notebook.” 


TYNDALL, JOHN (1820-1893) 


Although best known for his work on 
radiant heat, the British natural philoso- 
pher John Tyndall established the ab- 
sorptive power of clear aqueous vapor, 
an important advance in meteorology, and 
conducted brilliant experiments on the 
blue of the sky, discovering the precipi- 
tation of organic vapors by means of 
light. He also did work on magnetism 
and verified that germ-free air cannot 
initiate putrefaction. 

Tyndall was born at Leighlin Bridge, 
Carlow, Ireland, and received his doc- 
torate at the University of Marburg. 
Germany, in 1850. Three years later he 
became natural philosophy professor at 
the Royal Institution in London, and 
from 1867 until his retirement in 1887 he 
served as its superintendent. 

In 1852 Tyndall was elected to mem- 
bership in the Royal Society. Among his 
many books are Heat Considered as a 
Mode of Motion (1863), On Sound 
(1867), and Lessons in Electricity, at the 
Royal Institution (1876). 


UREY, HAROLD CLAYTON (1893— ) 


The U.S. chemist Harold Urey was the 
discovered of deuterium, principal source 
of power for the hydrogen bomb. This 
discovery earned him the 1934 Nobel 
Prize in chemistry. 


. a È 
Harold Urey 

After the discovery of deuteri: rly 
in his career, Urey developed pri res 
for separating heavy isotopes o on, 
oxygen, nitrogen, and sulfur. As tor 
of research for the Substitute All te- 
rials Laboratories at Columbia er- 
sity, New York City, during W Var 
II, he led a group responsible for rat- 
ing uranium isotopes for the M itan 
Project. 

Urey was born at Walkerton, na, 
the son of a rural schoolteache: at- 
tended the University of Montan re 
he received his bachelor’s degre 17 
and spent two years as an in Y, 
After receiving his doctorate in cl ry 
from the University of California 3, 
he went to Copenhagen, Denmai a 


fellow at Niels Bohrs Institute oi )- 
retical Physics. In 1924 he becam« 
sociate in chemistry at Johns Ki 18 
University, Baltimore, Maryland; n 
1929 to 1945 he was on the facule of 
Columbia University in New York í 
and in 1945 he joined the newly ory.» 
ized Institute for Nuclear Studies and «| 
Department of Chemistry at the Univer- 
sity of Chicago, He remained there unti! 
1958, when he became professor of chem- 
istry at large at the University of 
California. 

Urey was elected to the National Acad- 
emy of Sciences in 1935. His publica- 
tions include Atoms, Molecules, and 
Quanta (with Ruark, 1930; revised edi- 
tion, 1964) and The Planets (1952). 


VAN ALLEN, JAMES ALFRED 
(1914- ) 

While studying data being broadcast 
from the first U.S. satellite, Explorer I, 
the U.S. physicist James Van Allen dis- 
covered that the Earth is surrounded by 
intense belts of radiation thousands of 
miles wide. Later investigation revealed 
that the belts consist of electrically 
charged particles trapped in magnetic 
fields in the heavens. The belts were 
named in honor of their discoverer. 


Using rockets and balloons, Van Allen 
began lying cosmic-ray phenomena as 
1946. Ten years later he helped 


early 2 

design ‘he internal instruments for the 
IGY rnational Geophysical Year) 
satellit.» His discovery of the now fa- 
mous tion belts and his explanation 
of th gin opened up a whole new 
area ( ly and paved the way for mag- 
neto: xploration. 


Vi n was born at Mount Pleasant, 


lowe educated at Iowa Wesleyan 
Colli l the University of Iowa. On 
rect is doctorate in 1939, he be- 
can earch fellow of the Depart- 
ment Terrestrial Magnetism at 
Car Institute of Technology in 
Pitts! In 1946, after serving as a 
nava in World War II, he went to 
John skins University, Baltimore, 
Mar to head a research group at its 


Although James Van Allen (right) is examining 
ig device of the Pioneer type with 
on Braun (left), it was while working 
a broadcast from Explorer | that he 
red the Van Allen radiation belts. 


applied physics laboratory. He returned 
to the University of Iowa in 1951 as pro- 
fessor and chairman of the physics de- 
partment. Van Allen received the Louis 
W. Hill Space Transportation Award of 
the Institute of the Aerospace Sciences 
in 1959 and was elected to the National 
Academy of Sciences that same year. 


VAN DER WAALS. See Waals, Johannes 
Diderik van der. 


VAN LEEUWENHOEK. See Leeuwenhoek, 
Anton van. 


VANT HOFF, JACOBUS HENRICUS 
(1852-1911) 


The first man to win a Nobel Prize in 
chemistry was Jacobus van't Hoff of the 


Netherlands; he was honored in 1901, the 
year the awards were established. His 
discoveries about the optical activity of 
substances in solution and his contribu- 
tions to the study of chemical thermody- 
namics also earned him the Royal Soci- 
ety’s Davy Medal in 1893 and membership 
in the society four years later. 

Van’t Hoffs name is often linked with 
that of French chemist Joseph Achille le 
Bel because both men, then students to- 
gether at the École de Médecine in Paris, 
almost simultaneously reached the same 
conclusions about the structure of organic 
compounds, Prior to the publication of 
Van't Hoffs theory in September 1874 
and Le Bel’s just two months later, sci- 
entists had puzzled over the fact that 
some organic compounds are optically 
active while others are not. It was Van't 
Hoff who first suggested that asymmetry 
in molecules is the reason for this incon- 
sistency. 

By drawing the four valences of the 
carbon atom three dimensionally to the 
angles of a regular tetrahedron rather 
than two dimensionally to the angles of a 
square, Van’t Hoff provided a solution to 
the puzzle. An earlier observation of the 
phenomenon of polarized light was the 
key to his revelation. He knew that tar- 
taric acid exists in two forms, chemically 
identical but physically different: one ro- 
tates the plane of polarization of a polar- 
ized light beam to the left; the other to 
the right. This mirror-image rotation 
was elucidated by Van’t Hoffs explana- 
tion that two asymmetric compounds 
result when four different types of group- 
ings are attached to the four bonds of the 
carbon atom; only these particular com- 
pounds show optical activity or rotation. 

Van't Hoff, a Rotterdam native, was de- 
termined to become a chemist despite the 
objections of his physician father. He be- 
gan his education at the Delft Poly- 
technic but transferred to the University 
of Leiden in 1871. The following year he 
went to Bonn, Germany, to study under 
Friedrich A. Kekulé and then to Paris, 
wbere he made his mark in the area of 
stereochemistry. 

Two years after publishing his explana- 
tion of optical activity, Vant Hoff re- 
turned to the Netherlands to serve as a 
lecturer at the Veterinary College at 
Utrecht; and in 1878 he became full pro- 
fessor of chemistry, mineralogy, and 
geology at Amsterdam University. During 
his eighteen years at Amsterdam, he 
turned his attention to the field of ther- 
modynamics, with particular emphasis on 
the theory of solutions in relation to re- 
action kinetics and the attainment of 
equilibrium. Here his primary achieve- 
ment was a lucid statement, published in 


VAUBAN 


1884 in Studies of Dynamic Chemistry, 
on the relationship between the osmotic 
pressure of solutions and their vapor 
pressure. 


Jacobus van't Hoff (left) early became a close 
friend of F. W. Ostwald (right), with whom in 
1887 he founded Zeitschrift für physikalische 
Chemie, long the leading journal in its field. 


Further research in the area of dilute 
solutions produced examples of how sim- 
ple laws governing the behavior of gases 
are also applicable to the sparsely dis- 
solved material in liquid solvents. This 
similarity between dissolved molecules 
moving in liquid and gas molecules moy- 
ing in space was established in a paper 
published by Van’t Hoff in 1886. 

He went to Germany in 1896 to be- 
come an honorary professor at the Prus- 
sian Academy of Sciences in Berlin. Until 
his death there in 1911, he studied the 
salt mixtures in the Stassfurt deposits, as 
well as lectured on them. The results of 
this final research project proved useful 
to Germany’s chemical industries. 


VAUBAN, SEBASTIEN LE PRESTRE DE 
(1633-1707) 

Although famous as marshal of France 
under King Louis XIV, Sébastien Vauban 
is remembered as one of the most cele- 
brated military engineers of all time. 
After his successful siege of Stenay in 
1654, Vauban was made a king’s engineer 
in 1655 and thereafter occupied himself 
with brilliantly executed sieges in the 
Dutch Wars from 1667 to 1697 and with 
redesigning or building at least 160 forti- 
fications throughout France. His innova- 
tive systems for siege work and fortifica- 
tion were the focus of military studies 
for more than a century. 

Vauban was born at Saint-Léger-de- 
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VAUQUELIN 


Foucherest in Burgundy, near his grand- 
father’s castle of Vauban. At eighteen 
years of age he received a cadetship and 
began his long and brilliant military 
career. 

Before he retired in 1706, Vauban had 
written treatises on river navigation, for- 
estry, rehabilitation of the colonies, a 
project for general peace, the recall of 
the banished Huguenots, and fairer taxa- 
tion. His Projet d'une dixme royale 
called for a substitution of the oppressive 
taille and other taxes by a royal tithe 
from which no class would be exempt. 
This work was banned from public sale, 
but several editions were circulated 
privately, 


VAUQUELIN, NICOLAS LOUIS 
(1763-1829) 


In 1797 the French analytical chemist 
Nicolas Vauquelin discovered chromium 
in a lead ore from Siberia; and it is for 
this that he is best known, though he 
made numerous other discoveries as well. 
He recognized the existence of beryllium 
in the gems beryl and emerald but did 
not actually isolate it. In what proved to 
be the first discovery of an amino acid, 
he isolated the compound asparagine 
from asparagus in 1806. His other dis- 
coveries included camphoric acid, quinic 
acid, and other naturally occurring or- 
ganic compounds. 

Vauquelin was born at Saint-André 
d’Hébertot in Normandy, the son of a 
poor peasant. From 1777 to 1779 he was 
apprenticed to an apothecary’s shop in 
Rouen; and from 1783 to 1791 he served 
as laboratory assistant to the experimen- 
tal chemist Antoine Fourcroy, also be- 
coming his friend and colleague. Be- 
ginning in the mid-1790s, Vauquelin held 
a number of teaching and consultative 
positions, finally succeeding Fourcroy as 
professor of chemistry to the medical 
faculty of Paris. 

Besides chemistry, Vauquelin was in- 
terested in literature, art, and politics. 
He was always strongly republican; but 
during the French Revolution he rescued 
a Swiss soldier from the mob and had to 
leave France during the worst of the 
Terror (1793-1794), since he could well 
have been guillotined for this act. In 1827 
he was elected to the Chamber of Depu- 
ties, and in 1795 he was elected to the 
Académie des Sciences. 


VESALIUS, ANDREAS (1514-1564) 


The Flemish anatomist Andreas Vesa- 
lius was the undoubted founder of mod- 


em anatomy, being one of the first men 
to dissect the human body. For this he 
was eventually sentenced to death; but 
his teachings took hold in the minds of 
his medical contemporaries, and from 
that time real progress was made in the 
biological sciences. 

Vesalius was born in Brussels, the son 
of a court pharmacist to Charles V, em- 
peror of Germany. In 1537 he received 
medical degrees from both Louvain and 
the University of Padua in Italy, where 
he became professor of anatomy and 
surgery. Because the authorities were 
quite liberal in allowing human dissec- 
tions, he chose to live in Italy, also teach- 
ing at Pisa and Bologna. In his work, 
Vesalius personally performed dissections 
for his students, rather than allowing as- 
sistants to dissect the bodies. 


His Tabulae Anatomicae Sex, pub- 
lished in 1538, marked a milestone in ana- 
tomical history. It consisted of six large 
drawings by Jan van Calcar, a pupil of 
Titian. The nomenclature introduced by 
Vesalius in this work formed the basis for 
modern anatomical terminology. 

In 1543 he published his masterpiece, 
De Humani Corporis Fabrica, in seven 
volumes. These beautifully illustrated 
books were the first accurate works on 
human anatomy and won lasting fame for 
Vesalius. At the time of its publication 
Vesalius was still under thirty years of 
age. As a result, his reputation grew, and 
he was appointed court physician to 
Charles V and later to Philip II of Spain. 

Fame, however, also brought misfor- 
tune to Vesalius. Because of his dissec- 
tions of the human body, he was accused 


Among the illustrations that appeared in An- 
dreas Vesalius' book De Humani Corporis 
Fabrica (1543) was one representing the ana- 


tomist’s table with the instruments used in dis- 
sections. Another plate showed parts of ver- 
tebrae, the sacrum, and the coccyx. 


of heresy by the Inquisition and sen- 
tenced to death. His connections with 


royalty saved him from the ultimate pen- 
alty, and his sentence was commuted con- 
ditional upon his making a pilgrimage to 
the Hci» Land. On the way back his ship 
was w.oked, and he drowned. 
VIETA AMCOIS (1540-1603) 


Th mch mathematician François 


Viet: e basic contributions to alge- 
braic etry and trigonometry. As the 
first letters to symbolize unknowns 
and its in algebraic equations, he 
was isible for the first systematic 
alge! rotation. His other contribu- 
tion: led using Archimede’s method 


for © ing pi through polygons of up 


to | sides, thereby obtaining a 
valu pi accurate to ten decimal 
plac ch was the best up to that 
timi o introduced many technical 
tern the study of algebra, such as 
coef and negative. 

Vi s born at Fontenay-le-Comte 
in Pc \fter studying law at Poitiers, 
he p d in his native town and then 
serv ouncillor of the parlement of 
Britt 1 1589 he became councillor of 
the } ent at Tours, finally becoming 
a r councillor. His greatest 
polit e, however, was decipher- 


ing cret code that the armies of 


Phi] if Spain were using against the 
Fre 

A h Vieta pursued mathematics 
onl; hobby, he accomplished much 
and lished many works. In 1591 his 
In analyticam isagoge appeared, 
foll by De aequationum recogni- 
tior emendatione in 1615, The latter 
wo esented his solution of equations 
of id, third, and fourth degree. His 
col d works were published as Opera 
matematica by F. van Schooten at 
Leicon, the Netherlands, in 1646. 


VIGNEAUD, VINCENT DU (1901— ) 


The U.S. biochemist Vincent du Vi- 
gneaud approached the study of amino 
acids as a detective would probe a diffi- 
cult case. His investigations into the 
mysteries of protein structure resulted in 
discoveries especially valuable to the 
field of medicine. For his synthesis of the 
protein hormone oxytocin in 1954, he 
was awarded the 1955 Nobel Prize in 
chemistry. 

This dramatic achievement came after 
many years of work on the hormones 
produced by the posterior lobe of the pi- 
tuitary gland. Du Vigneaud was partic- 
ularly interested in the hormone oxytocin, 
which he broke down into fragments for 
detailed study. This unusual protein mol- 
ecule consists of only eight amino acids, 


whereas the average protein molecule 
is made of several hundred such acids. 
Because of its simple structure, oxytocin 
fit readily into the amino acid chain, the 
exact order of which Du Vigneaud also 
devised. While putting the chain to- 
gether in the order he had deduced, he 
realized he had synthesized oxytocin. 

Du Vigneaud’s first major project, com- 
pleted in the late 1930s, was an exhaus- 
tive study of the amino acid methionine 
and related compounds. He revealed how 
the body, by shifting a methyl group from 
compound to compound, sometimes com- 
pleted the construction of a complicated 
molecule. As a result of the shifts, the 
last carbon atom was occasionally slipped 
in with the active methyl group of the 
methionine molecule. 

He next identified the compound bio- 
tin as what had previously been called 
vitamin H. In 1942 he analyzed its com- 
plex two-ring structure and a year later 
supervised its synthesis by a commercial 
laboratory. 

Du Vigneaud was bom in Chicago, 
Illinois, and received his master’s in 1923 
from the University of Illinois and his 
doctorate in 1927 from the University of 
Rochester in New York. After graduat- 
ing, he held a number of positions as 
teaching and research assistant. In 1932 
he was named chairman of the depart- 
ment and professor of biochemistry at the 
George Washington University School 
of Medicine, Washington, D.C. He re- 
mained there for six years and then joined 
the faculty of the Cornell University 
Medical College in New York City. In 
the course of his career he lectured ex- 
tensively at universities throughout the 
United States and in England and was 
honored with numerous degrees and 
awards for his contributions. 


VINCI. See Da Vinci, Leonardo. 


VIRCHOW, RUDOLF LUDWIG CARL 
(1821-1902) 

The German pathologist, anthropolo- 
gist, and statesman Rudolf Virchow is 
noted in the field of medicine for impor- 
tant contributions to biological thought. 
Most of his research was in microscopical 
pathology and histology; and after 1856 
he served as director of the Berlin Path- 
ological Institute, which was created as 
a research center for him. 

Virchow discovered and named amy- 
loid, embolism, fibrinogen, hemotoidin, 
leukemia, myelin, and thrombosis. He 
also made contributions to the studies of 
inflammation, trichinosis, and tumors and 
was active in promoting public health 
and medical reform. 

Virchow was born at Schivelbein in 


VIRTANEN 


Ai 
Rudolf Virchow 


Pomerania and in 1843 took his medical 
degree at the University of Berlin. Three 
years later he was made prosector at Ber- 
lin’s Charité Hospital and from 1847 also 
acted as privatdocent at the university. 
In 1849, when his prosectorship was sus- 
pended because he had criticized the 
government for lack of action during an 
outbreak of typhus in Upper Silesia, he 
moved to the University of Wiirzburg as 
professor of pathological anatomy. He 
returned to Berlin, however, in 1856 
as professor of pathological anatomy 
at the university and director of the 
institute. 

In 1861 he was elected to the lower 
house of the Prussian legislative body, 
and from 1880 to 1893 he served in the 
Reichstag as representative from Berlin, 
where he was also a member of the mu- 
nicipal council, Always interested in an- 
thropology, in 1869 he organized the Ger- 
man Anthropological Society and ten 
years later accompanied Heinrich Schlie- 
mann to the ruins of Troy. 


VIRTANEN, ARTTURI ILMARI 
(1895- ) 

For his research and discoveries in the 
fields of agriculture and nutrition, es- 
pecially for a method of preserving fod- 
der, the Finnish biochemist Artturi Vir- 
tanen was awarded the 1945 Nobel Prize 
in chemistry. In his doctoral thesis Vir- 
tanen explained the composition of abi- 
etic acid, the principal constituent of 
rosin. After becoming interested in fod- 
der spoilage and fermentation, he showed 
that the addition of certain amounts of 
acids to crops stopped fermentation and 
ensured a green winter feed. In the in- 
terest of better milk production, he con- 
ducted extensive experiments in the diets 
of milch cows. 

Virtanen was bom in Helsinki and 
studied chemistry at the university there. 
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VOGT 


After receiving his doctorate in 1919, he 
was named chemist of Valio, an organiza- 
tion of dairy cooperatives, becoming its 
director in 1921. When the larger Bio- 
chemical Research Institute in Helsinki 
was established in 1931, he was named 
its director. He taught chemistry at the 
University of Helsinki (1924-1939), bio- 
chemistry at the Finland Institute of 
Technology (1931-1939), and biochem- 
istry at Helsinki (1939-1948). From 1948 
to 1963 he served as president of the State 
Academy of Science and Arts. 


VOGT, JOHAN HERMAN LIE (1858-1932) 


One who pioneered in the application 
of physical chemistry to the study of the 
origin of igneous rocks and ore deposits 
was the Norwegian geologist and petrolo- 
gist Johan Vogt. His major studies in- 
volved slag; and he attempted to work 
out, on broad lines, the application of the 
known laws of solutions to the crystalli- 
zation of igneous rock magmas. 

Vogt was bom at Tvedestrand, the son 
of a physician and, on his mother’s side, 
a nephew of the mathematician Marius 
Sophus Lie. In 1880 Vogt graduated as a 
mining engineer from the University of 
Christiania (later Oslo) and six years 
later was appointed professor of metal- 
lurgy there. From 1912 until his retire- 
ment in 1928, he held the chair of miner- 
alogy and geology at the technical high 
school in Trondheim. His books include 
Studier over Slagger (1884) and Die Sili- 
katschmelzlésungen (1903-1904). 


VOIT, CARL VON (1831-1908) 


The German physiologist Carl von Voit 
helped lay the foundations for the modern 
knowledge of metabolism and nutrition. 
He perfected the technique of balance 
studies for determining quantitatively the 
ingestion and excretion of foodstuffs. 
With a colleague, Max von Pettenkofer, 
he built a metabolism machine large 
enough to hold a human being and showed 
that carbon dioxide production is propor- 
tional to the rate of muscular activity. 
The two men also made the first accurate 
determination of the energy requirements 
of man. 

Voit was born at Amberg and studied 
with Justus von Liebig and Friedrich 
Wohler. From 1863 to 1908 Voit was 
professor of physiology at Munich. 


VOLTA, ALESSANDRO (1745-1827) 


The Italian physicist Alessandro Volta 
developed the theory of electric current 
and invented the electric battery, which 


provided other scientists with the first 
source of continuous electric current and 
led to great advances in the field of elec- 
tricity. In his honor the unit of electro- 
motive force was named the volt. 

Volta was born at Como, Italy, to an 
aristocratic family. At first the family 
thought he was retarded because he did 
not speak until he was four years old. 
Educated by learned relatives, however, 
young Volta soon made up for his slow 
start in life. At age twenty-four he pub- 
lished his first paper on the phenomenon 
of electricity, in 1774 he began teaching 
physics at the Royal School in Como, and 
in 1779 he was appointed professor of 
natural philosophy at the University of 
Padua. His studies of atmospheric elec- 
tricity led, in 1775, to his invention of the 
electrophorus, the forerunner of the mod- 
em condenser. He also invented an elec- 
troscope. 

He later became involved in a contro- 
versy with Luigi Galvani over the latter's 
contention that the electric current pro- 
duced when the legs of a frog made con- 
tact between copper and iron was due to 
a vital force unique to animals, so-called 
animal electricity. Volta contended that 
the answer lay in the two types of metal 


Alessandro 
Volta 
TI 

and showed the electricity prodi by 
the frog legs to be identical with n- 

erated from nonliving things. 
In 1800 Volta succeeded in g 1g 
electricity by connecting two boy alt 
solution with a metal arc, on of 


which was copper and the oth 


zinc. That same year he constru 


voltaic pile, the first battery, by 
ing disks of copper, zinc, and © 
that had been soaked in salt wat 

Napoleon called upon Volta t 


strate his new device, and a specia 


was struck in Volta’s honor. In 
he was given the title of count 
ceived many other awards, inclu 
of the Legion of Honor and th 
Medal of the Royal Society. 


The first battery constructed by Alessandro 
Volta consisted of an insulating rod on which 
were threaded alternating disks of copper, zinc, 


and cardboard that had been soake 
water. As' a result of this invention, V 


created a count and received many 


VOLTERRA, VITO (1860-1940) 


The modern development of calculus 
eatly influenced by the work of 
lian mathematician Vito Volterra, 
who introduced the concept of the func- 
tion of a curve, which led to new fields 


of » alysis. He also conducted studies on 
og elasticity, and electromagnetism. 

erra was born at Ancona and edu- 
ë t the University of Pisa. In 1883 


me professor of rational me- 
€ at Pisa, and in 1892 and 1900 he 
l similar positions at the univer- 
Turin and Rome, respectively. 
ng the oath of loyalty required 
Fascist government, Volterra re- 

| from the latter school in 1931. 
ar earlier his Theory of Functionals 
Integral and Integro-differential 
ms had been published. It was 
l almost thirty years later, in 1959, 


\ JAER. See Baer, Karl Ernst von. 


v BAEYER. See Baeyer, Johann 
F ich Wilhelm Adolf von. 


il BEHRING. See Behring, 
dolf von. 


BÉKÉSY. See Békésy, Georg von. 
BRAUN. See Braun, Wernher von. 
EULER. See Euler, Ulf Svante von. 


EULER-CHELPIN. See Euler-Chelpin, 
Karl August Simon von. 


N GESNER. See Gesner, Konrad von. 
IN GUERICKE. See Guericke, Otto von. 


ON HELMHOLTZ. See Helmholtz, 
Hermann Ludwig Ferdinand von. 


VON HUMBOLDT. See Humboldt, 
Friedrich Heinrich Alexander von. 


VON JAUREGG. See Wagner von 
Jauregg, Julius. 


VON LAUE. See Laue, Max Theodor 
Felix von. 


VON LENARD. See Lenard, Philipp 
Eduard Anton von. 


VON LIEBIG. See Liebig, Baron Justus von. 


VON NEUMANN. See Neumann, 
John von. 


VON STRADONITZ. See Kekulé von 
Stradonitz, Friedrich August. 


VON VOIT. See Voit, Carl von. 


VON WASSERMANN. See Wassermann, 
August von. 


VON ZEPPELIN. See Zeppelin, Ferdinand, 
Graf von. 


VRIES. See De Vries, Hugo. 


WAALS, JOHANNES DIDERIK VAN DER 
(1837-1923) 


The doctoral dissertation of Johannes 
van der Waals, submitted when he was a 
thirty-five-year-old student at the Univer- 
sity of Leiden, the Netherlands, contained 
groundwork for a research project that 
would lead to his acceptance of the 1910 
Nobel Prize in physics. Although Van 
Der Waals received little formal educa- 
tion before entering the university, his 
remarkable thesis, On the Continuity of 
the Liquid and Gaseous State, published 
in 1873, established him as a leader in 
the European scientific community; it 
was immediately translated from Dutch 
into English, French, and German. Four 
years later he left Leiden, his birthplace, 
and joined the faculty of the University 
of Amsterdam as professor of physics. 
During his thirty-year stay there, he was 
elected to the Academy of Sciences of 
Amsterdam and served as its secretary 
from 1896 to 1912. 

Perplexed by the absence of a tenable 
equation for real gases, Van Der Waals 
was determined to formulate one. Previ- 
ously, Robert Boyle and J. A. L. Charles 
had set forth their “perfect gas equa- 
tion”: ideally, changes in any one of the 
three variables (pressure, volume, tem- 
perature) of any given gas would cause 
the other variables to adjust themselves 
so that the constant would remain stable, 
Unfortunately, this equation does not 
stand up in actual practice because it as- 
sumes that the molecules of a gas are of 
a negligible size compared with its vol- 
ume and that they exert no attraction on 
one another. Taking these erroneous as- 
sumptions into consideration, Van Der 
Waals introduced two more terms, one to 
account for the molecules’ finite size and 
the other to account for their mutual at- 
traction, and thereby derived from the 
Boyle-Charles statement and the kinetic 
theory of gases a new equation that 
was correct both theoretically and prac- 
tically. 

Van Der Waals’s ultimate goal was an 
equation of state that would apply to the 
gaseous and liquid states of all sub- 
stances. Eventually, he succeeded in 
working out an equation valid for any 
gas and not requiring the new constants, 
as did his original formula. His new equa- 


WAGNER VON JAUREGG 


tion was cubic in terms of volume. For 
a given temperature and pressure, there- 
fore, three possible volumes exist, one of 
which represents liquid, one gas, and one 
an unstable state. Van Der Waals’s be- 
lief that molecules in the liquid and gase- 
ous states are identical and exert identical 
forces was thus verified. 

Serious illness curtailed Van Der 
Waals’s study of physics during the last 
ten years of his life. It did not prevent 
him, however, from completing his final 
project, an elucidation of the law of bi- 
nary mixtures. 


WAGNER VON JAUREGG, JULIUS 
(1857-1940) 

Two important contributions made by 
the Austrian psychiatrist Julius Wagner 
von Jauregg were the treatments he de- 
vised for cretinism and for general pare- 
sis (syphilitic meningoencephalitis ). For 
his discovery of the therapeutic value of 
malaria inoculation in the treatment of 
the latter, he was awarded the 1927 Nobel 
Prize in medicine or physiology. 


Julius Wagner 
von Jauregg 


For thirty-five years Julius Wagner von Jauregg 
was the head of the University of Vienna's 
clinic for mental and nervous diseases. 
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Even in ancient times it had been noted 
that some patients suffering from mental 
disease had improved noticeably after 
contracting a febrile infection. Wagner 
von Jauregg conceived the idea of delib- 
erately infecting patients suffering from 
general paresis with a fever-producing 
disease. General paresis, a form of insan- 
ity caused by syphilis germs living in the 
brain, produced dementia and paralysis. 
Heat caused by a high fever made it im- 
possible for the germs to exist in the 
brain. In 1890 he experimented with in- 
jections of such substances as tuberculin 
and staphylococcus vaccine, and in 1917 
he began infecting patients with malaria, 
which was preferable because the infec- 
tion could be controlled with quinine. 
The patients showed marked improve- 
ment in their paralytic conditions and 
were offered hope of relief from a disease 
previously thought incurable. 

Earlier in his career he conducted re- 
search on the thyroid gland and its rela- 
tion to cretinism. He found that cretinism 
could be treated with thyroid gland ex- 
tract and organized the mass treatment 
of sufferers in the Styrian Mountains, 
where the disease was particularly preva- 
lent. 

Wagner von Jauregg was born at Wels, 
Upper Austria, After receiving his med- 
ical degree from the University of Vienna 
in 1880, he stayed on to study and work 
at its psychiatric clinic, In 1889 he was 
appointed extraordinary professor of neu- 
rology and psychiatry and head of the 
psychiatric clinic at the University of 
Graz. He returned to the University of 
Vienna in 1893 as professor and head of 
the clinic for mental and nervous diseases. 


WAKSMAN, SELMAN ABRAHAM 
(1888— ) 


The Russian-born U.S. biochemist Sel- 
man Waksman was responsible for dis- 
covery of many antibiotics, including 
streptomycin and neomycin, important 
substances in fighting infectious diseases. 
For his discovery of streptomycin, one of 
the first antibiotics and a medical mile- 
stone, he was awarded the 1952 Nobel 
Prize in physiology or medicine. 

Through his research on filamentous 
bacteria, the actinomycetes, which in- 
clude many antibiotic-producing orga- 
nisms, Waksman discovered many new 
species. Besides streptomycin, the first 
important agent effective in the treat- 
ment of tuberculosis, another important 
antibiotic discovered was neomycin, use- 
ful in treating many infectious diseases 


of man, animals, and plants. He also de- 
vised techniques of microbe culture and 
ways to isolate and purify antibiotics. 
Waksman was born in Priluka, Russia, 
but emigrated to the United States in 
1910, becoming a naturalized citizen in 
1916. He attended Rutgers University, 
New Brunswick, New Jersey, where he 
received his bachelor’s and master’s de- 
grees in agriculture in 1915 and 1916, re- 
spectively, After taking his doctorate in 
biochemistry at the University of Califor- 


Selman Waksman 


nia in 1918, he returned to Rutgers to 
do his research and teaching. He ad- 
vanced to the head of the Department of 
Microbiology in 1940 and served as di- 
rector of its Institute of Microbiology 
from 1949 to 1958, when he became pro- 
fessor emeritus. In addition to his work 
at Rutgers, Waksman was a marine bi- 
ologist at the Oceanographic Institute at 
Woods Hole, Massachusetts, from 1931 
to 1942. He also served on a number of 
governmental committees, 

He was elected to the National Acad- 
emy of Sciences in 1942. Among his books 
are Streptomycin, Its Nature and Appli- 
cations (1949), Soil Microbiology (1952), 
the autobiographical My Life with the 
Microbes (1954), and The Actinomyce- 
tes (three volumes; 1959-1962). 


WALD, GEORGE (1906— ) 


The U.S. biologist and biochemist 
George Wald was one of the three men 


George Wald 


who shared the 1967 Nobel Prize in phys- 
iology or medicine. Like the other laure- 
ates—Haldan K. Hartline and Ragnar A. 
Granit—Wald had done research on the 
mechanisms of sight, and his primary dis- 
coveries related to understanding how 
photoreceptive cells in the retina undergo 
molecular changes when struck by light. 
The Nobel citation called him “one of the 
world’s greatest authorities on the bio- 
chemistry of perception.” (See Ragnar 
Arthur Granit; Haldan Keffer Hartline.) 

Wald was born in New York City and 
took his bachelor’s degree at New York 
University in 1927 and his 
Columbia University in 1% 
studied in Berlin and Heidelberg, Ger- 
many; Ziirich, Switzerland; and Chicago, 
Illinois. In 1934 he joined the Harvard 
University faculty, becoming professor 
of biology in 1948. 

His research demonstrating the basic 
belief that seeing begins with a chemical 
reaction earned him many honors, includ- 
ing election to the National Academy of 
Sciences in 1950 and the Eli Lilly Re- 
search Award, the Lasker Award, and 
the Proctor and Rumford medals. In 
much of his work he collaborated with 
his wife, Ruth Hubbard Wald. 


WALDEN, PAUL (1863-1957) 


The vital phenomenon of optically ac- 
tive compounds now known as the Wal- 
den inversion was discovered by the 
Latvian-born chemist Paul Walden. Sim- 
ply stated, this refers to an inversion of 
configuration of one optically active com- 
pound into another by the action of cer- 
tain reagents. He also conducted impor- 
tant research on the electrical properties 
of solutions. 

Walden was born near Riga and edu- 
cated at the universities of Riga, Leipzig, 
and Munich, He held successive profes- 
sorships of chemistry at Riga, St. Peters- 
burg, Moscow, and Rostock and from 
1927 to 1928 was a visiting professor at 
Cornell University, Ithaca, New York, as 
well. After Rostock was burned in 1942, 
he became a guest professor at Tübingen. 

Among his publications can be found 
a history of chemistry, Geschichte der 
Chemie (1947). His “Notes from the Life 
of a Chemist” appeared in an English 
translation in 1951. 


WALLACE, ALFRED RUSSEL (1823-1913) 


The English naturalist and explorer 
Alfred Wallace is best known for his con- 
tributions to the theory of the origin of 
species by natural selection. He is also 
given credit for laying the basis for the 
study of animal geography. 

Wallace was born at Usk, Monmouth- 
shire, and after his schooling he tried his 


hand at land surveying, architecture, and 
teaching. In 1840, however, he became 
interested in botany and started to col- 
lect plants. Within a few years he began 
udy insects as well; and in 1848 he 


to 

joined the naturalist Henry W. Bates on 
a fi -year expedition to the Amazon 
Vall of South America, publishing his 
ob: tions, Narrative of Travels on the 


An : and Rio Negro, in 1853. In the 


fo! ig year he left for the Malay 
At lago, publishing his account of 
th -year expedition, The Malay 
A lago, in 1869, While ill of inter- 
m fever at Ternate, in the Moluccas, 
in he conceived a theory of survival 
of ‘test, which he immediately sent 
to aturalist Charles Darwin in En- 
gl Darwin was impressed, recogniz- 
ins wn as yet unannounced theory 


in oung stranger's conclusions that 
hai «en independently reached, The 


ess 1s read, together with an abstract 
of vin’s own views, as a joint paper 
bei. the Linnean Society in London in 
Ju that same year, Wallace differed 
wil) Darwin on certain points and ex- 
pla d his reasoning in Darwinism, 
wi he published in 1889. My Life, 
W: es autobiography, was published 
ir i, and in 1910 the government 
av +d him the Order of Merit, 


mg his other books were Geo- 
gi cal Distribution of Animals (1876), 
al Nature and Other Essays (1878), 
I ' Life (1880), and Studies, Scientific 
‘ ocial (1900). 


ACH, OTTO (1847-1931) 

fume industries all over the world 

a debt of gratitude to the German 
nist Otto Wallach for his extraction 
womatic terpenes from essential oils 
l his clarification of their structure. 
» Nobel Prize Committee acknowl- 
his contributions by honoring him 
in ‘1910 for his work in the field of phar- 
maceutical chemistry. 

Wallach, who was born in Königs- 
berg, Prussia, attended the University of 
Berlin and the University of Göttingen, 
where he received his doctorate in chem- 
istry in 1869. His original plans for an 
industrial career were abandoned be- 
cause of ill health, and he chose instead 
to become an academician. His first posi- 
tion was as assistant to the famous or- 
ganic chemist Friedrich August Kekulé 
at the University of Bonn; and in 1876, 
after six years, he was appointed full pro- 
fessor of chemistry. 

Three years later Kekulé’s failing 
health forced Wallach to assume respon- 
sibility for teaching his mentor’s classes 
in pharmaceutical chemistry, The pros- 
pect excited Wallach, especially because 


it enabled him to work with natural prod- 
ucts for the first time, He was determined 
to discover their molecular structure, 
despite Kekulé’s discouragement on the 
grounds that the mixtures the products 
formed were too complex to be separated, 
Wallach was undaunted; his first speci- 
mens were bottles of essential, or ethereal, 
oils that had remained unopened in the 
university’s laboratory for fifteen years. 

The task required enormous patience 
and skill, and after twenty-five years 
Wallach’s ambition was realized. From 
the oils, he had drawn substances called 
terpenes, the most common of which are 
camphor and menthol. Previously it was 
assumed that these were chemically dis- 
tinct, but Wallach revealed their common 
carbon skeleton by means of such reagents 
as hydrogen chloride and hydrogen bro- 
mide. Then he tackled the problem of 
their structures and their mysterious 
quality of transforming themselves from 
one to another. In 1895 he discovered a 
clue to the structure of these baffling ma- 
terials: the compound alpha-terpineol. It 
is this compound that renders terpenes 
basically similar, even though they as- 
sume quite different forms. 

In addition to aiding the development 
of modern perfume manufacture, Wal- 
lach’s findings led to the realization that 
vitamin A and similar compounds, as well 
as steroids, such as vitamin D and the sex 
hormones, are related to the terpenes. He 
described his discoveries in a series of 
more than 100 papers and today is cred- 
ited with launching modern research into 
the structure of complex natural organic 
products. 

In 1889, after nineteen years, Wallach 
left Bonn to become director of the 
Chemical Institute of Göttingen. He 
stayed there until his retirement in 1915 


WALLIS, JOHN (1616-1703) 

The contributions of the English mathe- 
matician John Wallis led to the growth of 
the binomial theory and both differential 
and integral calculus. He refuted long- 
held erroneous beliefs about motion and 
gave definite and permanent meaning to 
such mathematical terms as force and 
momentum, 

Wallis was born at Ashford, Kent, and, 
before becoming a priest in 1640, at- 
tended Emmanuel College and then 
Queens’ College at Cambridge. His inter- 
est in mathematics was stimulated in 
1647; and within two years he had mas- 
tered the discipline and was appointed 
Savilian Professor of Geometry at Oxford, 
a position he held for the rest of his life. 

Among his books are Arithmetica in- 
finitorum (1655), which influenced Isaac 
Newton; Mathesis universalis (1657); 


WALTON 


Mechanica, sive tractatus de motu (three 
parts; 1670-1671); and Treatise of Al- 
gebra (1685). 


WALTON, ERNEST THOMAS SINTON 
(1903— ) 

Working with his partner J. D. Cock- 
croft, at the Cavendish Laboratory in 
Cambridge, England, the Irish physicist 
Ernest Walton made great contributions 
to atomic science. For their extensive 
work on “the transmutation of atomic 
nuclei by artificially accelerated atomic 
particles,” the two men shared the 1951 
Nobel Prize in physics, (See Sir John 
Douglas Cockcroft. ) 


Ernest Walton 


In collaboration with Cockcroft, Wal- 
ton bombarded the nucleus of a lithium 
atom with protons artificially accelerated 
in a high potential electric field. The dis- 
integration produced a transmutation— 
helium nuclei instead of lithium nuclei. 
These experiments were the first in which 


nuclear disintegration was produced 
without using radioactive material. The 
apparatus Walton and Cockcroft devel- 


At the Cavendish Laboratory, Cambridge, 


Ernest Walton achieved nuclear disintegration 
by artificially accelerated particles. 
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oped made possible the production of 
fast atomic particles with energies in the 
hundreds of thousands of electron volts. 

Walton was bom at Dungarvan, 
County Waterford, Ireland, and studied 
physics and mathematics at the Univer- 
sity of Dublin, In 1927 he went to the 
Cavendish Laboratory to work with 
Cockcroft. Seven years later he returned 
to the University of Dublin, where he 
later became professor and head of the 
Department of Physics. In 1938 he was 
awarded the Hughes Medal of the Royal 
Society. 


WARBURG, OTTO HEINRICH (1883-1970) 


Among the contributions to science 
made by the German biochemist Otto 
Warburg were the discovery of intercel- 
lular and yellow enzymes, new ideas 
about photosynthesis, and advancements 
in the study of tumor metabolism. For 
his extensive work, especially his expla- 
nation of respiratory enzyme activity, 
Warburg won the 1931 Nobel Prize in 
medicine or physiology. 

Warburg's research was concentrated 
on the physical and chemical processes in 
living cells. He introduced manometric 
metabolism, developed new methods for 
studying cancer cells, isolated the first of 
the yellow enzymes (flavoproteins ), and 
developed a system called the Warburg 
technique for obtaining thin slices of liv- 
ing cell tissue. 

He was born at Freiberg, Germany, 
the son of a physician. In 1906 he re- 
ceived his doctorate in chemistry at the 
University of Berlin and in 1911 his med- 
ical degree at the University of Heidel- 
berg. Warburg then became a member of 
the Kaiser Wilhelm (later the Max 
Planck) Institute for Cell Physiology, be- 
ing named its director in 1930. 

In 1934 Warburg was elected a foreign 
member of the Royal Society of London. 
His awards included the Order of Merit 
of the German Federal Republic in 1952 
and the Paul Ehrlich Prize in 1962. He 
was the author of The Metabolism of 
Tumors (1930), Hydrogen Transferring 
Enzymes (1948), Heavy Metal Prosthetic 
Groups and Enzyme Action (1949), and 
New Methods of Cell Physiology (1962). 


WASSERMANN, AUGUST VON 
(1866-1925) 


One of the most distinguished re- 
searchers in the field of immunology was 
the German bacteriologist August von 
Wassermann. His greatest scientific tri- 
umph was the development of a method. 


for diagnosing syphilis. The syphilitic 
reaction involved syphilitic antibodies in 
the patient’s blood serum, and the method 
came to be known as the Wassermann 
test. 

Among his other contributions was his 
work on immunity to tetanus, diptheria, 
and the meningococcus. He also estab- 
lished that general paralysis in insane 
patients was a symptom of the later 
stages of syphilis. 

Wassermann was born at Bamberg, 
Bavaria, and studied at the universities 
of Erlangen, Munich, Vienna, and Stras- 
bourg, from which he graduated in 1888. 
After practicing medicine in Strasbourg, 
he worked at the Robert Koch Institute 
in Berlin; and in 1906, the same year in 
which he developed the Wassermann 
test, he became director of the institute’s 
Department of Experimental Therapy. In 
1913 he was appointed director of the 
Kaiser Wilhelm Institute at Berlin- 
Dahlem. 


WATSON, JAMES DEWEY (1928- ) 


One of the contributors to the interpre- 
tation of the genetic code was the U.S. 
biochemist James Watson. For his work 
with nucleic acids, he shared the 1962 
Nobel Prize in medicine or physiology 
with F. H. C. Crick and M. H. F. Wil- 
kins. He also directed research on can- 
cer-causing viruses. (See Francis Harry 
Compton Crick; Maurice Hugh Freder- 
ick Wilkins.) 

Early in 1951 he met Wilkins in Na- 
ples, Italy, and became acquainted with 
the data on the x-ray diffraction of DNA 
(deoxyribonucleic acid) fibers. At Cam- 
bridge that same year he met Crick, with 
whom he began working to solve the 
puzzle of the structure of the DNA mole- 
cule, In 1953 they published their famous 
hypothesis, proposing that DNA mole- 
cules have the form of a double helix. 

Watson was born in Chicago, Illinois, 
and, as a child prodigy, entered the Uni- 
versity of Chicago at age fifteen. He 
studied zoology and went on to take his 
doctorate at Indiana University, gradu- 
ating in 1950. Originally he had wanted 


James Watson 


to become an omithologist, but while at 
Indiana University he became interested 
in biochemistry. In 1950-1951, as 
tional Research Council fellow 
University of Copenhagen in Denmark, 


he studied bacterial viruses and ‘hen 
worked with Wilkins and Crick his 
return to the United States in }‘ he 
became a senior research fellow ihe 
California Institute of Technoloy: as- 
adena, where he investigated the of 
RNA (ribonucleic acid) in pro! n- 
thesis. Two years later he went to 
Cambridge to work with Crich le 
Cavendish Laboratory. In 1956 is 
appointed assistant professor ot y 


at Harvard University, becomi )- 
ciate professor in 1958 and full p r 
in 1961. A year later he was ele« 
National Academy of Sciences 


WATT, JAMES (1736-1819) 


The Industrial Revolution was 
off partly as a result of the wo 
Scottish engineer and invento 
Watt, who is generally consider 
the inventor of the modern stean 
Although he was not the first mai 
duce such a device, the impro\ 


By making substantial modifications o 
lier machine of the English engineer 
Newcomen, James Watt invented the 


that he added to the earlier engines 
made steam power a practical way to 
operate machinery. 

Watt was born at Greenock, Scotland. 
His childhood was an unfortunate one. 


He had problems with his health; and 
whe vas in his teens, his mother died, 
and ither, a merchant, ran into trou- 
bles business. At age nineteen Watt 


wen ondon and apprenticed himself 
to trument maker, but after one 


diffi ear he returned home. 

In 7 Watt obtained a position as 
ma tical instrument maker at the 
Un y of Glasgow and while working 
the «ame interested in steam en- 
gin | in the subject of latent heat. 
WI Newcomen steam engine was 
bro to him for repairs in 1764, he 
be think of ways to improve the 
bas lel; and the following year, after 
stu the properties of steam, he in- 
ver he modern condensing steam en- 
gir th its two chambers—a condenser 
to | «haust steam and a cylinder that 
wa stantly kept hot—this engine was 
far efficient and used less fuel than 
the vcomen engine, in which the cyl- 
inc © only chamber, was alternately 
co g steam engine. It consisted of two 
ch ~a condenser for holding exhaust 
st | a cylinder that was always kept hot. 


cooled and heated in the process of cre- 
ating a vacuum. 

Watt continued to improve his steam 
engine with the addition of such inven- 
tions as the sun-and-planet wheels for 
converting reciprocal motion into rotary 
motion and the centrifugal governor, an 
automatic steam-regulating device. He 
also invented the steam indicator and, in 
1782, the double-action engine. His steam 
engines were soon adopted to power all 
sorts of machinery, 

With the prosperous manufacturer 
Matthew Boulton, Watt founded the firm 
of Boulton and Watt at Birmingham in 
1775. For measuring the power of their 
steam engines, the two men established a 
unit that they called horsepower. Watt 
remained a partner in the firm until 1800, 
when he retired a rich man. The watt, a 
unit of power, was named in his honor. 


WEISMANN, AUGUST (1834-1914) 


The German biologist August Weis- 
mann is best known for his theory of the 
continuity of the germ plasm, the basis 
of much of modern genetics. His early 
work was in insect embryology, but after 
1864 he was concerned mainly with the- 
oretical problems. 

Weismann was born at Frankfurt am 
Main and received his education at the 
universities of Géttingen and Freiburg. 
In 1866 he became professor of zoology 
at the latter university, where he re- 
mained until his retirement in 1912. 

His most important books were Studies 
in the Theories of Descent (1882), Es- 
says upon Heredity and Kindred Biologi- 
cal Problems (two volumes; 1889 and 
1892), and The Germ-Plasm, a Theory 
of Heredity (1893). 


WELLER, THOMAS HUCKLE (1915— ) 
With J. F. Enders and F. C. Robbins, 
the U.S. physician and parasitologist 
Thomas Weller won the 1954 Nobel 
Prize in physiology or medicine for ap- 
plying the technique of tissue culture to 
the study of the poliomyelitis virus. The 
accomplishment of the three men facili- 
tated the identification of the virus, made 
possible its growth in quantity, and led 
to the development of polio vaccine. Wel- 
ler is also widely known for isolating the 
virus of chicken pox and of shingles and 
proving the common origin of the clini- 
cally different diseases. (See John Frank- 
lin Enders; Frederick Chapman Robbins. ) 
Weller was bom at Ann Arbor, Michi- 
gan, and educated at the University of 
Michigan, where his father was professor 
of pathology. In the summer of 1938, on 
a Rockefeller Foundation fellowship, he 
studied malaria in Florida; and in 1940 
he received his doctorate. Early in his 


WERNER 


career Weller obtained an appointment 
at Children’s Hospital, Boston, Massa- 
chusetts, to acquire experience with in- 
fectious and parasitic diseases. After 
World War II, in which he served with 
the army, studying tropical diseases in 
Puerto Rico, he finished his hospital train- 
ing and joined Enders in establishing a 
research laboratory at Children’s Hos- 
pital; and there, in 1949, the polio virus 
was cultivated in tissue culture. From 
1949 to 1954, at the same time that he 
held teaching positions in tropical medi- 
cine and tropical public health at Har- 
vard University, he served as assistant di- 
rector of the laboratory. He was ap- 
pointed Richard Pearson Strong Professor 
of Tropical Public Health and chairman 
of the department at Harvard in 1954, at 
which time he moved his laboratories to 
its medical school. Weller was elected 
to the National Academy of Sciences in 
1964. 


WELLS, HORACE (1815-1848) 

The modern era of painless dentistry 
was initiated by the U.S. dental surgeon 
Horace Wells. He was the first dentist to 
use an anesthetic on patients for the pain- 
less extraction of teeth. 

In the early 1840s Wells considered 
the idea that nitrous oxide, or laughing 
gas, could be used as an anesthetic. In 
his first experiment with the gas, in 1844, 
he used himself as the subject. A col- 
league was persuaded to administer the 
gas and then extract one of Wells’s teeth. 
The operation was a success. Wells then 
used nitrous oxide often on his own pa- 
tients and did much to publicize its an- 
esthetic properties. 

Wells was born at Hartford, Vermont, 
and studied dentistry in Boston, Massa- 
chusetts. He set up his practice in Hart- 
ford, Connecticut, where the first pain- 
less extraction was performed. 

After his initial success, however, Wells 
suffered major setbacks. A demonstration 
of his anesthetic in Boston was a failure. 
He then went to Paris, France, but found 
that the scientists there had a greater 
interest in ether and chloroform than in 
nitrous oxide. On his return to the United 
States he was arrested and charged with 
acid throwing. While in prison in New 
York City awaiting trial, he committed 
suicide. 


WERNER, ABRAHAM GOTTLOB 
(1750-1817) 

The German geologist Abraham Wer- 
ner was founder and leader of the nep- 
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tunists’ school, which proclaimed the 
aqueous origin of rocks. Although his 
doctrine has been disproved, he is still 
noted for showing that the rocks of the 
Earth follow each other in a certain defi- 
nite order. His other contributions in- 
cluded the arrangement of geological 
formations into groups and the system- 
atic classification of minerals, 

Werner was born in Upper Lusatia, 
Saxony, and educated at Bunzlau, Silesia. 
In 1769 he entered the mining school at 
Freiberg, where in 1775 he became in- 
spector and teacher. 


WERNER, ALFRED (1866-1919) 


According to the French-Swiss chemist 
Alfred Werner, the idea of coordination 
compounds woke him from a sound sleep 
early one morning in 1891; and by late 
afternoon the same day, he had worked 
out the essential features of a theory re- 
sponsible for the rapid development of 
inorganic chemistry, Twenty-two years 
later, in 1913, he won the Nobel Prize in 
chemistry. The theory simplified the clas- 
sification of complex inorganic com- 
pounds; revealed unsuspected cases of 
isomerism, including compounds the op- 
tical activity of which is due to elements 
other than carbon; and proved of value 
in such diverse fields as mineralogy and 
analytical chemistry. 

Werners major contribution was to 
broaden the understanding of chemical 
structure by demonstrating that the struc- 
tural relationships between atoms need 
not be restricted to ordinary valence 
bonds. The unique aspect of the theory 
was its deemphasis of the role of these 
bonds; Werner maintained instead that 
atoms or groups of atoms are distributed 
about a central atom as a result of fixed 
geometric principles. Another name for 
these coordination bonds is secondary 
valence. Many years later Linus Pauling, 
among others, combined Wemer’s theory 
with the original valence idea to produce 
a yet more sophisticated explanation of 
molecular structure. 

As a young boy in Mulhouse, Alsace, 
France, Werner constructed a laboratory 
in his parents’ barn and by age eighteen 
had successfully performed several origi- 
nal experiments in chemistry. Classes at 
the Karlsruhe Technische Hochschule in- 
creased his interest in the subject; and 
when he was twenty, he left France for 
Switzerland, receiving his doctorate from 
the University of Ziirich four years later. 
His doctoral dissertation on the spatial 
arrangement of atoms around a central 


nitrogen atom was the first of his more 
than 150 papers on the subject of inor- 
ganic chemistry; he also was the author 
of two textbooks. After studying for some 
time in Paris, Werner returned to Ziirich 
in 1893, the year he disclosed his new 
theory, and taught chemistry there until 
1919. His students and colleagues consid- 
ered him an inspiring lecturer, but, un- 
fortunately, ill health forced him to aban- 
don both his experimental work and his 
teaching when he was only forty-nine. 


WERTHEIMER, MAX (1880-1943) 


The founder of the Gestalt school of 
psychology was the German philosopher 
and psychologist Max Wertheimer. In 
general, the Gestalt approach concen- 
trated on the structure of the whole, the 
pattern, and maintained that the parts 
could not be understood independently 
of the whole. 

The Gestalt school of psychology had 
its beginning in 1912 when Wertheimer 
published a paper dealing with apparent 
motion and applying the Gestalt theory 
to perception. Wertheimer and his col- 
leagues later applied the Gestalt ap- 
proach to other areas of psychology, such 
as problem solving and learning and 
thinking. The Gestalt school became a 
major movement and had a tremendous 
influence on modern psychology. 

Wertheimer was born in Prague, Czech- 
oslovakia, and educated in Prague and 
Berlin, Germany. After obtaining his 
doctorate from Wiirzburg in 1904, he 
taught at Frankfurt and Berlin and in 
1929 was appointed professor of psy- 
chology at Frankfurt. In 1933 he moved 
to the United States, where he accepted 
a professorship at the New School for 
Social Research in New York City, a post 
that he held until his death. 


WESTINGHOUSE, GEORGE (1846-1914) 


The U.S. engineer and manufacturer 
George Westinghouse invented the air 
brake, introduced alternating current for 
power transmission in the United States, 
pioneered in the utilization of natural 
gas, and founded one of the world’s 
largest electrical manufacturing compan- 
ies, During his lifetime he took out more 
than 400 patents. 

Westinghouse had an opportunity to 
develop his inventiveness in Central 
Bridge, New York, his birthplace, where 
his father had a shop for manufacturing 
small steam engines and farm imple- 
ments. During the American Civil War, 
Westinghouse served in the Union army 
and in the navy. After a few months at 
Union College, Schenectady, New York, 
he returned home to join his father’s 
works and at age nineteen invented a de- 


George Westinghouse 


vice for replacing derailed frei s$. 
In 1869 he patented his air br id 
organized the Westinghouse A e 
Company; and three years latoi 
vented the automatic air bral h 
enabled a driver to apply all th d- 
ual brakes on coaches simult fi 
thus greatly increasing the safe s} of 
trains, The system was quickly è d 
by railroads in the United Stai d 
was eventually accepted in Euro 

While developing a system of d 
signals operated by compressed 1 
electrical devices, Westinghouse \ 
to investigate the transmission of 
voltage alternating current. In lt 
formed the Westinghouse Electric í 
pany. Against opposition that inch 
the weight of electrical wizard Tho: 
A. Edison, Westinghouse succeeded 
obtaining for his company the contr 
to develop Niagara Falls power on 
alternating-current basis. Ironically, Wes 
inghouse was later awarded the Ediso:: 
Gold Medal of the American Society of 
Electrical Engineers. In 1955 he was 
elected to the Hall of Fame for Great 
Americans, 


WHIPPLE, GEORGE HOYT (1878— ) 


The U.S. physician and educator 
George Whipple was a winner of the 
1934 Nobel Prize in physiology or medi- 
cine for his discovery that liver promotes 
regeneration of hemoglobin, the protein 
respiratory pigment in red blood cells. 
He shared the award with G. R. Minot 
and W. P. Murphy, who established the 
success of liver diet in the treatment of 
pernicious anemia. (See George Rich- 
ards Minot; William Parry Murphy.) 

Bile pigments, which are formed of 
hemoglobin, were the primary interest 
of Whipple when he began to study ways 
in which the body uses hemoglobin. In 


1917 he began a series of experiments in 
which he bled dogs to induce anemia 
and ther fed them various diets, watching 
to see > new red blood corpuscles 
were 1. He found liver to be the 
most sful diet by far for regenera- 
tion < blood. In other researches 
Whip idied tuberculosis and pan- 
creat otein metabolism, and the 
funct f vitamin Bio, which proved 
to be tive agent in liver therapy for 
perni imemia. 

W the son of a physician, was 
born hland, New Hampshire, and 
recci bachelor’s degree from Yale 
Uni n 1900. After taking his med- 
ical ` from Johns Hopkins Univer- 
sity more, Maryland, in 1905, he 
cont his training in pathology there, 
beci issociate professor in 1911. He 
was ited professor of research med- 
icine 14 at the University of Califor- 
nia, ley, where he was also named 
dear e medical school in 1920. The 
folle year, however, he went to the 
Uni of Rochester, New York, as 
the lean and organizer of its new 
me hool. Its innovative design put 
itt ne roof with the university hos- 
pit longtime trustee of the Rocke- 
fel! titute for Medical Research 
(ne ckefeller University) in New 
Yo y. Whipple was named trustee 
en in 1960. 

the Nobel Prize, Whipple won 
mi ther honors, In 1929 he was 
ek to the National Academy of Sci- 
en ) 1938 to the American Philosoph- 
ica iety, and in 1941 to the American 
Ac 1y of Arts and Sciences. He re- 
cei «1 the Kovalenko Medal of the Na- 
tion. Academy of Sciences in 1962 and 
the tinguished Federal Civilian Serv- 
ice Award in 1963. 


WHITEHEAD, ALFRED NORTH 
(1861-1947) 


The British-U.S. philosopher and math- 
ematician Alfred North Whitehead made 
important contributions to modern logic 
and influenced the development of sym- 
bolic logic. He was coauthor with the 
distinguished philosopher-mathematician 
Bertrand Russell of the three-volume Prin- 
cipia Mathematica (1910-1913), which 
attempted to establish a definitive system 
of mathematics based on symbolic logic. 
About twenty years later, however, the 
Austrian-U.S. mathematician Kurt Gédel 
demonstrated the impossibility of creat- 
ing any such “definitive” system and 
showed that each system was relative 
within its own terms. The work of Russell 
and Whitehead remained important, 
though, for establishing, in the minds of 
many mathematicians, serious links be- 


tween symbolic logic and mathematics. 

Whitehead was born at Ramsgate, 
Kent, and studied mathematics at Cam- 
bridge University, graduating in 1884. 
He became a fellow of Trinity College, 
Cambridge, and then taught mathematics 
and served as dean of science at Univer- 
sity College, University of London. In 
1924 he moved to the United States and 
became professor of philosophy at Har- 
vard University, where he remained for 
the rest of his life. 

In The Concept of Nature (1920) 
Whitehead examined the basic concepts 
of modern natural sciences. His other 
books include Science and the Modern 
World (1925) and The Function of Rea- 
son (1929). 


WHITNEY, ELI (1765-1825) 


Although he is best known for invent- 
ing the cotton gin, Eli Whitney, U.S. 
mechanical genius, made perhaps a 
greater contribution by pioneering the 
manufacture of interchangeable parts and 
utilizing the principle of division of labor. 
He was the first to apply these mass pro- 
duction methods in the United States. 

Whitney showed a mechanical bent 
early in life. By the time he was fifteen 
years of age, he was manufacturing nails 
in a small metalworking shop attached to 
his father’s farm in Westboro, Massachu- 
setts, where he had been born. Visiting 
in Savannah, Georgia, after graduation 
from Yale University in 1792, Whitney 
learned of the need for a machine that 
could separate the short staple upland 
cotton from its seeds. Within a few weeks 
he had produced a hand-operated model, 
and by April 1793 he had built a machine 
that could clean fifty pounds of cotton 
fibers in a day. The gin (short for en- 
gine) consisted of a wooden cylinder en- 
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circled by rows of spikes set a half inch 
apart and extending between the bars of 
a grid that prevented the seeds from pass- 
ing through. The lint was pulled through 
the revolving spikes, which were cleaned 
by a revolving brush, and the seeds fell 
into a separate compartment. 

A patent was granted on March 14, 
1794; and Whitney, with his partner, 
Phineas Miller, began making cotton gins 
at New Haven, Connecticut. They were 
so simple and easy to copy that Whitney 
spent the profits prosecuting infringe- 
ments on his patent. Although the validity 
of his patent was settled in 1807, Whitney 
had become disgusted with the struggle 
and had opened a musket factory near 
New Haven in 1798. He secured profita- 
ble government contracts by demonstrat- 
ing the advantages of interchangeable 
parts in firearms. Whitney became a char- 
ter member of the Hall of Fame for Great 
Americans in 1900. 


WIELAND, HEINRICH OTTO (1877-1957) 


The German chemist Heinrich Wie- 
land, specializing in the study of steroids, 
received the 1927 Nobel Prize in chem- 
istry for deducing the structure of the 
sterol skeleton. Although his deduction 
was later found faulty, and major revi- 
sions were necessary to correct it, Wie- 
land’s research was not in vain; his work 
with bile acids revealed that they are 
related to one another and to the sterol 
cholesterol. These findings cast light on 
the importance of such steroid-related 
quantities as vitamin D and the hormones 
controlling sexual development and re- 
production. 

Much of Wieland's work on steroids 
was completed during the latter half of 
his first appointment at the University 
of Munich (1901-1917). When he re- 
turned in 1925, he and his students pur- 
sued such diverse subjects as the lobelia 
alkaloids, butterfly-wing pigments, and 
phalloidine, a toadstool poison. When he 
did tum his attention back to the sterol 
skeleton, he derived the structure that 
brought him the Nobel Prize. 

Wieland’s name is often associated with 
that of Otto Warburg because of the de- 
bate that raged between the two on the 
subject of dehydrogenation. Both men 
were interested in the oxidations occur- 
ring within living tissue. On the basis of 
extensive experimentation, Wieland held 
that dehydrogenation, the two-at-a-time 
removal of atoms from foodstuffs, was the 
most critical reaction. Warburg, on the 
other hand, insisted that the addition of 
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oxygen was the more crucial occurrence 
and maintained that this was catalyzed 
by enzymes containing iron atoms; Wie- 
land believed that dehydrogenation was 
also enzymatically catalyzed. Actually, 
time proved them both correct in their 
convictions. The controversy provoked an 
exchange of knowledge vital to under- 
standing the respiratory chain in tissues. 
The fields of physiology, biochemistry, 
and medicine benefited especially from 
their explanation of how energy is pro- 
duced when the body slowly converts 
organic molecules to water and carbon 
dioxide. 

Wieland, a native of Pforzheim, Ger- 
many, followed in the footsteps of his 
chemist father, just as his own son Theo- 
dor would one day emulate his father by 
excelling in the field of organic chemistry. 
He attended universities in Berlin and 
Stuttgart before receiving his doctorate 
degree from the University of Munich in 
1901. Upon graduation he accepted an 
assistantship there and remained on the 
faculty until 1917, when he began teach- 
ing at the Munich Technishe Hochschule. 
Four years later he became professor at 
the University of Freiburg, and in 1925 
he returned to Munich, where he taught 
chemistry until 1953, At the time of his 
retirement he was also director of the 
school’s Chemical Institute. Adolf Hit- 
ler's rise to power appalled Wieland, and 
he spoke openly against the dictates of 
nazism. Despite his opposition, however, 
he was not persecuted. 


WIEN, WILHELM (1864-1928) 


The German physicist Wilhelm Wien 
formulated three laws of radiation that 
bear his name. He received the 1911 No- 
bel Prize in physics for his most familiar 
contribution, Wien’s displacement law. A 
highly specialized area of physics called 
blackbody radiation was Wien's particu- 
lar interest; it was his conclusion concern- 
ing the wavelength at which maximum 
energy is radiated that earned him the 
Nobel honor. 

The term blackbody radiation refers to 
that body that, because of its absence of 
color, absorbs all wavelengths and that 
when heated radiates all wavelengths. 
Wien concerned himself with the nature, 
as well as the amount, of radiation in- 
volved. He constructed an enclosed, 
heated chamber with a small hole in it 
and observed that light of any wave- 
length entering the hole was absorbed, 
not reflected, within. The hole, therefore, 

should emit blackbody radiation of all 


wavelengths. In 1893 Wien demonstrated 
that radiation wavelengths proceeding 
from the blackbody reach a peak at an 
intermediate level and that the length of 
this wave varies inversely according to 
temperature. This variation of peak wave- 
length with temperature is called Wien’s 
displacement law. 

Spurred on by his findings, Wien next 
attempted an equation describing the 
distribution of all wavelengths in black- 
body radiation for all temperatures. This 
time, however, he was not so successful; 
but he did pave the way for the eventual 
formulation of the quantum theory. 
which would affect the entire field of 
physics in the early twentieth century. 
In 1896 he devised an equation applica- 
ble to the observed distribution of short 
wavelength radiation. 

Wien was born in Gaffken, East Prus- 
sia, the son of a wealthy landowner. His 
education, which included study at the 
universities of Göttingen, Heidelberg, 
and Berlin, was interrupted in 1886 by 
the illness of his father. He was forced 
to take over his family’s estate for four 
years before resuming his career. His 
first academic position was an assistant- 
ship at Berlin’s Physicotechnical Institute, 
his second a teaching appointment in 
1896 at the Aachen Technical High 
School. He remained there for three 
years and in 1899 went to the University 
of Giessen, in 1900 to the University of 
Wiirzburg, and in 1920 to the University 
of Munich, where he remained. 

Among the wide variety of subjects that 
attracted Wien’s scholarship were hydro- 
dynamics, discharge through  rarified 
gases, and cathode-, x-, and positive-ray 
measurement. In addition to teaching 
and experimentation, he edited the An- 
nals of Physics from 1906 to 1928. 


WIENER, NORBERT (1894-1964) 


The U.S. mathematician Norbert Wie- 
ner popularized the term cybernetics 
and made important contributions to auto- 
mation and the development of decision- 
making devices. He also made valuable 
additions to the understanding of sto- 
chastic, or random, processes and har- 
monic analysis. 

Wiener was born at Columbia, Mis- 
souri, the son of a professor of Slavonic 
languages. He had learned to read and 
write by the age of three, and at eighteen 
completed his doctorate at Harvard Uni- 
versity. From 1919 until 1960, when he 
retired as professor, he taught at the Mas- 
sachusetts Institute of Technology, Cam- 
bridge. His books include The Fourier 
Integral (1933), Cybernetics (1948), The 
Human Use of Human Beings (1950), 
Ex-Prodigy (1953), Non-Linear Prob- 
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lems in Random Theory (1958), and 


God 
and Golem, Inc. (1964). 
WIGNER, EUGENE PAUL (1902- ) 
The Hungarian-born U.S. theoretical 
physicist Eugene Wigner did outstanding 
work in many areas of physics but most 


notably in mathematical and nuclear 
physics. Along with Johannes Jensen and 
Maria Goeppert Mayer, he was awarded 


the 1963 Nobel Prize in physics “for sys- 
tematically improving and extending the 
methods of quantum mechanics and ap- 
plying them widely.” Wigner studied nu- 
clear binding and was intere n sym- 
metry principles as they applied to the 


regularities exhibited in atomic and mo- 
lecular spectra. He was one of the first 
scientists to work on the spectroscopic 
levels that could be expected from the 
nuclear shell model proposed indepen- 
dently by Jensen and Mayer. (See Jo- 
hannes Hans Daniel Jensen; Maria Goep- 
pert Mayer.) 

Wigner worked on the theory of neu- 
tron absorption (important in the tech- 
nology of nuclear reactors ), the theory of 
conservation of parity, the theory of rela- 
tivistic wave equations, and the theories 
of the cohesion of metals. He also applied 
mathematical group theory to the energy 
levels of certain atomic nuclei. 

Wigner was born in Budapest and was 
educated as a chemical engineer, After 
receiving his doctorate from the Tech- 
nische Hochschule in Berlin, Germany, 
in 1925, he taught physics at Berlin from 
1926 to 1927 and then at the University 
of Göttingen for a year. In 1928 he re- 
turned to Berlin, and in 1930 he moved 
to the United States, where he accepted 
a teaching position at Princeton Univer- 
sity, in New Jersey. He became a U.S. 
citizen in 1937 and was appointed pro- 
fessor of mathematical physics at Prince- 
ton in 1938. 

During World War II, Wigner con- 
cerned himself with problems surround- 
ing the production of atomic energy and 
was influential in convincing the U.S. 
government of the need for an atomic 
bomb. He conducted his research for the 
Manhattan Project at the metallurgical 
laboratory of the University of Chicago, 


working on the development and design 
clear reactors there and at Han- 
hington. In 1946-1947 he served 
or of research and development 
iton Laboratories at Oak Ridge, 


Tenn He was a member of the Gen- 
eral ory Committee of the U.S. 
Ator ergy Commission from 1952 to 
1957 

wW was elected to the National 
Acat of Sciences in 1945. The fol- 
low ir he was awarded the U.S. 
Me Merit, in 1958 the U.S. Atomic 
Ener mumission’s Enrico Fermi Prize, 
and the Atoms for Peace Award. 
WILK MAURICE HUGH FREDERICK 
(191 ) 

A f the scientists who worked on 
the « pment of the atomic bomb, the 
Brit physicist Maurice Wilkins de- 
velo; profound dislike for nuclear 
phys | so tumed his attention to bi- 
olog the life sciences. His work on 
the liffraction of the DNA (deoxy- 
ribo! acid) molecule earned him 
the ibel Prize in medicine or phys- 
iolo ig with F. H. C. Crick and 
J.D n. (See Francis Harry Comp- 
ton James Dewey Watson. ) 

By ding the x-ray diffraction work 
beg ax von Laue and the Braggs— 
Will nry and William Lawrence— 
Wil tained data on the structure 
of t! A molecule. He found that the 
mol has a helical form and suc- 
cee \easuring the approximate di- 
ame the helix. His work on DNA 
was nted by that of Crick and Wat- 
son 1s also applied x-ray techniques 
to th dy of RNA (ribonucleic acid). 


was born at Pongaroa, New 
and emigrated to England when 
six years old. He studied physics 
John’s College, Cambridge, and 
received his doctorate in physics from 
Birmingham University in 1940. During 
World War II he worked at the Univer- 
sity of California on the separation of 
uranium isotopes for the atomic bomb. 
In 1945 he became involved in a bio- 
physics project at St. Andrews Univer- 
sity in Scotland. Later he worked at 
King’s College in London and then with 
the Medical Research Council Biophysics 
Research Unit. His other biophysical 
work was on the genetic effects of ultra- 
sonics and on microscopic and spectro- 
photometric studies of nucleic acids. 


WILLIS, THOMAS (1621-1675) 

The English anatomist and physician 
Thomas Willis was one of the first scien- 
tists to study diabetes. His written work 
on the subject, appearing originally as a 
chapter of his Pharmaceutice rationalis— 


Shewing the Signs, Causes and Cures of 
Most Distempers (1674), was the first 
major treatise on diabetes to be trans- 
lated from Latin into English, He de- 
scribed such symptoms of diabetes melli- 
tus as increased thirst and urination, 

As important as his work on diabetes, 
if not more so, was his research on the 
anatomy of the brain, In his major work 
covering this area, Cerebri Anatome 
Nervorumque descriptio et usus, which 
was published in 1664, Willis described 
the eleventh cranial nerve, as well as the 
ring of arteries that he had discovered at 
the base of the brain and now known as 
the circle of Willis. He was also the first 
scientist to describe general paralysis of 
the insane, myasthenia gravis, and puer- 
peral fever. 

Willis, the son of a wealthy landowner, 
was born at Great Bedwin, Wiltshire. 
After graduating from Christ Church, 
Oxford, in 1636, he pursued medical 
studies despite serving with the Royalist 
forces during the Civil War. He received 
a bachelor of medicine degree in 1646 
and was created a doctor of medicine in 
1660, the same year that he was appointed 
Sedleian Professor at Oxford. 


WILLSTATER, RICHARD (1872-1942) 


One of the grimmest effects of nazism 
before and during World War II was the 
brake it applied to scientific progress. 
The German-Jewish chemist Richard 
Willstitter’s experience typified the plight 
of scholars whose work was thwarted and 
whose lives were endangered by the rise 
of Adolf Hitler and his anti-Semitic fol- 
lowers, In 1915 Willstiitter won the Nobel 
Prize in chemistry for his studies of nat- 
ural coloring matters; twenty-four years 
later he was forced to flee Germany for 
Switzerland to escape persecution. 

Willstitter resigned his teaching post 
at the University of Munich in 1925 as 
a protest gesture against burgeoning anti- 
Semitism. This early retirement was vir- 
tually the end of his career as a 
productive chemist. Fortunately, his 
most valuable contributions were made 
when he was a young professor at Zii- 
rich's Technishe Hochschule, 1905-1912. 

It was there he discovered the con- 
stituents of chlorophyll to be two closely 
related compounds containing magne- 
sium, pyrrole residues, and a long-chain 
alcohol, phytol. He also determined chlo- 
rophyll’s relationship to blood pigments. 
His technique for analyzing the proper- 
ties of chlorophyll has become the uni- 
versally accepted method for separating 
mixtures. He discovered how the mag- 
nesium atom is placed in the chlorophyll 
molecule and pointed out that the iron 
atom is similarly placed in heme, the 
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colored area of a hemoglobin molecule. 

One of Willstätter’s last projects was 
an investigation of enzymes and of cata- 
lytic hydrogenation. The process of ob- 
taining glucose from wood is based upon 
Willstätter’s study of the degradation of 
cellulose. Fermentation was yet another 
subject he pursued. 

Willstätter was born in Karlsruhe, Ger- 
many, the son of a textile merchant, and 
became interested in chemistry as a stu- 
dent at the technical high school in Mu- 
nich. He attended the University of Mu- 
nich and wrote a doctoral dissertation in 
1894 on the structure of cocaine. After 
teaching both there and in Ziirich, he di- 
rected Berlin’s Kaiser Wilhelm Institute 
from 1912 to 1916. He then returned to 
Munich for nine years before retiring. 
Willstàter spent the last four years of his 
life in Switzerland, burdened by grief 
over the death of his wife and son and 
at the condition of his homeland. 


WILSON, CHARLES THOMSON REES 
(1869-1959) 


While spending the summer of 1894 as 
a volunteer on the staff of a meteorologi- 
cal station atop Ben Nevis, Great Brit- 
ain’s highest peak, the Scottish physicist 
Charles Wilson became interested in the 
nature of clouds. His observations led 


The cloud chamber invented by Charles Wilson 
made it possible to observe particle tracks. 
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him to invent, in 1911, the cloud cham- 
ber, for which he was awarded the 1927 
Nobel Prize in physics. Thanks to his in- 
genious device, mysteries of the sub- 
atomic world were clarified. It proved 
especially valuable in enabling physicists 
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to observe and photograph particle tracks 
of radioactive substances. 

So impressed was Wilson by the mag- 
nificent clouds over the Highlands that 
he attempted to reproduce them arti- 
ficially in a laboratory by means of the 
adiabatic expansion of moist air within 
a container. By lowering the air tem- 
perature, this expansion caused the ex- 
cess moisture to condense as water drop- 
lets in the form of a cloud. Meteorologists 
had previously believed that condensa- 
tion occurred only if each water droplet 
within a cloud was formed around a nu- 
cleus of dust. Wilson demonstrated, how- 
ever, that some condensation is possible 
without dust particles if the clouds are 
exposed to x-rays and concluded, there- 
fore, that charged atoms, or ions, are the 
nuclei necessary for condensation to oc- 
cur. In his cloud chamber the paths of 
single charged particles showed up as 
trails of minute water droplets. When the 
chamber was subjected to a magnetic 
field, the trails of these charged particles 
curved in such a way as to indicate 
whether the charge was negative or posi- 
tive. Wilson studied the trails for traces 
of collisions between particles and mole- 
cules and for activities during and after 
such collisions. 

Wilson was four years old when he 
and his widowed mother left their native 
Glencorse and moved to Manchester, 
England, where he later entered Owens 
College intending to study biology. In- 
stead, however, he pursued physics and 
went on to take his degree at Cambridge 
in 1892. After graduation Wilson, who 
remained at Cambridge for his entire pro- 
fessional career, joined the staff of the 
Cavendish Laboratory. In 1900, the year 
he was elected a fellow of the Royal So- 
ciety, he became a lecturer at Sidney Sus- 
sex College; and in 1925 he was named 
Jacksonian Professor of Natural History, 
a position he held until his retirement 
nine years later. 


WINDAUS, ADOLF (1876-1959) 


For his discovery that the value of vita- 
min D, or calciferol, is increased by its 
exposure to ultraviolet light, the German 
organic chemist Adolf Windaus received 
the 1928 Nobel Prize in chemistry. The 
so-called sunshine vitamin earned its 
name as a result of Windaus’ analysis of 
its structure; he found that it consists of 
a steroid molecule in which a bond is 
broken by the sun’s light. The practical 
applications of this discovery were nu- 
merous. 


During his career Windaus worked on 
two significant chemical projects simul- 
taneously. His solution to the puzzle of 
vitamin D’s structure is the most famous. 
Prior to Windaus, scientists knew there 
were two ways to prevent rickets in rats: 
either feed them vitamin D or irradiate 
their bodies with ultraviolet light. In 
1925, with the discovery that irradiation 
of the rats’ food was a sufficient deter- 
rent, it was concluded that the rays con- 
verted the cholesterol in the food into 
vitamin D. Windaus then demonstrated 
that it was not cholesterol but some un- 
known minor impurity within the cho- 
lesterol that was affected by irradiation. 
This material was isolated as pure vita- 
min D in 1936. 
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An equally important, but less well- 
known, achievement of Windaus was his 
breakdown of cholesterol into its various 
components, First, he observed that sub- 
stances chemically similar to cholesterol 
are prevalent among both plants and ani- 
mals and appear crucial to their biologi- 
cal processes. Later, he successfully con- 
verted cholesterol into cholanic acid, 
from which stem the bile acids. His find- 
ings made possible the first successful 
elucidation of sterol structures. Other 
contributions attributed to Windaus are 
the synthesis of histamine and the dis- 
covery of sulfur in vitamin B,. 

Windaus was born and reared in Ber- 
lin. Although he intended to be a phy- 
sician and majored in medicine at the 
University of Freiburg, he changed his 
mind in the course of his graduate 
studies. His doctoral dissertation on cho- 
lesterol marked the beginning of his life- 
long interest in steroids. After receiving 
his doctorate, he remained at Freiburg 
for twelve years as professor. From 1913 
to 1915 he taught medical chemistry at 
the University of Innsbruck and then 
taught at the University of Göttingen 
until his retirement in 1944. 
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Friedrich Wöhler in 1828 artificially { 
urea; this first laboratory synthesis 
urally occurring organic compound of 


WOHLER, FRIEDRICH (1800-1882 


Although he was primarily int d 
in inorganic chemistry, the < in 
chemist Friedrich Wöhler made hi t 
est discovery in the field of « ë 


chemistry. He was the first chen ) 
synthesize an organic compound 1 
nonliving material and thereby di 
ited the vitalistic theory that o 
compounds could be obtained only 
living organisms. 

Wohler’s first researches were in 
organic chemistry. In 1827 he succe« 
in isolating metallic aluminum and 
following year isolated beryllium. Wi 
investigating cyanide compounds in 18° 
he heated ammonium cyanate and found 
that the resulting crystals were urea, : 
nitrogenous waste product found in urine. 
This was the first synthesis of an organic 
compound, 

His other outstanding achievements 
were the isolation of boron and silicon 
and the discovery of quinone, hydroqui- 
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importance in refuting the vital- 
In the commercial manufacture 
molecules of ammonia (a) react 


great } 
ism do 
of urea 


none, uinhyrone. He also discovered 
calcit bide, from which he prepared 
acety ind devised the modern 
meth preparing phosphorus and 
also ss for manufacturing nickel. 
With iend Justus von Liebig, he in- 
vesti he properties of the oil of bit- 
ter ls (benzaldehyde). In the 
cour ris work they traced the radi- 


cal | through various chemical 


proce ind found that this group of 
ator ompound radical, stayed in- 
tact concept of compound radicals 
was to the progress of organic 
chemistry 

Wöhler was born at Eschersheim, near 
Frankfurt am Main, and educated at the 


universities of Marburg and Heidelberg. 
At the latter school, he worked in the 
laboratory of Leopold Gmelin, professor 
of medicine and chemistry and discoverer 
of potassium ferricyanide (hence also 
called Gmelin’s salt). Wöhler was so 
knowledgeable that Gmelin advised him 
not to attend the lectures in chemistry, 
since they would be a waste of time for 
him. Pursuing his ambition to become a 
physician, Wöhler in 1823 received his 
degree in medicine and surgery; but he 
was persuaded by Gmelin to devote him- 
self to chemistry instead. He therefore 
went to Sweden to study with the chem- 
ist Jöns Jacob Berzelius. After a year 
Wöhler returned to Germany and taught 
at technical schools in Berlin and Kassel 
before being appointed professor of 
chemistry at the University of Göttingen 
in 1836. There he remained for the rest 


with one molecule of carbon dioxide (b), giving 
way to ammonium carbonate (c), which then 
divides into urea (d) and water (e). 


of his life, bringing the department to a 
high rank, He was not only an inspiring 
teacher but also a prolific author. 


WOODWARD, ROBERT BURNS 
(1917- ) 

For his success in synthesizing compli- 
cated organic compounds, the U.S. scien- 
tist Robert Woodward was awarded the 
1965 Nobel Prize in chemistry. His major 
achievement was successfully bringing 
about the synthesis of chlorophyll four 
years earlier. 

While still in his twenties, Woodward 
synthesized cholesterol, cortisone, and 
strychnine. He also illustrated the dif- 
ference in structure between chlorophyll, 
the green matter in plants, and hemo- 
globin, its counterpart in the red blood 
cells of vertebrate animals; achieved the 
successful syntheses of sterols, substances 


Robert Woodward 


WRIGHT 


important in human metabolism; and pro- 
duced three-dimensional models of anti- 
biotic compounds. 

Woodward was born in Boston, Massa- 
chusetts, and demonstrated his ability in 
chemistry while yet in high school at 
North Quincy. At sixteen years of age, he 
went to the Massachusetts Institute of 
Technology, Cambridge, receiving his 
bachelor’s degree three years later and 
his doctorate a year after that. He re- 
mained at Harvard, becoming Morris 
Loeb Professor of Chemistry in 1953 and 
Donner Professor of Science in 1960. 

For his contributions to science, he re- 
ceived many honors besides the Nobel 
Prize. In 1935 he was elected to the Na- 
tional Academy of Sciences, and in 1964 
he was awarded the National Medal of 
Science. 


WRAY. See Ray, John. 


WRIGHT, SEWALL (1889- ) 

The U.S. geneticist Sewall Wright's 
best-known research was on the conse- 
quences of Mendelian heredity in popu- 
lations and on experimental physiological 
genetics of Caviidae. He used a mathe- 
matical theory of genetics to find out 
that evolutionary changes can occur by 
mathematical chance, as well as by mu- 
tation and natural selection. 

Wright was born at Melrose, Massachu- 
setts, the son of a mathematics teacher, 
and studied at Lombard College in Gales- 
burg, Illinois, and the University of Il- 
linois at Urbana before taking his doc- 
torate at Harvard University in 1915. 
From then until 1924 he was in charge of 
animal-breeding investigations for the 
U.S. Department of Agriculture; from 
1925 to 1954 he taught zoology at the 
University of Chicago; and from 1955 
until he retired in 1960, he taught genet- 
ics at the University of Wisconsin at 
Madison. 

Wright became a member of the Na- 
tional Academy of Sciences in 1934 and 
received its Elliot Medal in 1945 and the 
Kimber Genetics Award in 1952, In 1963 
he was made a foreign member of the 
Royal Society of London. 


WRIGHT, WILBUR (1867-1912) and 
ORVILLE (1871-1948) 

On December 17, 1903, the age of avi- 
ation was born as a result of the work of 
the two U.S. inventors Wilbur and Orville 
Wright. On that day the two brothers 
launched the first successful flight by man 
in a machine that could lift itself off the 
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Orville and Wilbur Wright 


ground and propel itself through the air. 

Wilbur Wright was born at Millville, 
Indiana, and Orville at Dayton, Ohio. 
Their father was a pastor in a United 
Brethren church, The formal education 
of the two brothers was limited to high 
school; however, they were both me- 
chanically inclined. They designed a 
newspaper-folding machine, built a press, 
and for several years published their own 
newspaper, the West End News. Then 
they opened a bicycle repair shop in 
Dayton. 

In 1896, after reading about the glider 
flights of Otto Lilienthal, they became in- 
terested in the sport of gliding; but they 
rejected his system of shifting the center 
of gravity to achieve flight control and in- 
stead experimented with the use of aile- 
rons. They built their first glider in 1900, 
and the following year constructed a 
wind tunnel in which they tested more 
than 200 models of gliders. Their third 
full-sized glider had a movable vertical 
rudder and adjustable flaps. 


Despite its primitive appearance, the Wright 
brothers’ first powered airplane, The Flyer, 
possessed all the characteristics necessary for 


During this time they also experi- 
mented with building lightweight en- 
gines; in fact, they made engines so light 
that they weighed only seven pounds per 
horsepower delivered. On their historic 
flight their plane, The Flyer, with its 
twelve-horsepower, four-cylinder engine, 
weighed but 750 pounds. 

Orville Wright piloted the machine on 
its first successful flight, which was made 
at Kitty Hawk, North Carolina. Four 
flights were made on that day, the long- 
est lasting fifty-nine seconds and cover- 
ing a distance of 852 feet. The speed of 
the crude plane was thirty miles per 
hour. This monumental achievement, 
however, went almost unnoticed, There 
were only five people present to witness 
the event, and there was little coverage 
in the press. 

The Wright brothers continued their 
experiments. In 1905 Wilbur made a cir- 
cular flight covering 24% miles in thirty- 
eight minutes and three seconds at Day- 
ton. The following year they patented 
their plane. Wilbur took the flying ma- 
chine to France in 1908 and won the 
Michelin Trophy for a flight that lasted 
two hours and twenty minutes. That same 
year the Wrights made a plane for the 
U.S. War Department; but on a test 
flight it crashed, killing an officer who 
had gone along as a passenger. The plane 
was repaired and the following year 
passed all the tests. 


a controlled flight, such as vertice 
ders and chain-driven pusher prope 
guided by the pilot in a prone pos 


In 1909 the brothers establ he 
American Wright Company < on 
and began manufacturing airp! Vil 
bur served as the president of m- 
pany until his death, caused by id 
fever. In 1955 he was memori: y 
being elected to the Hall of | or 
Great Americans. 

Orville sold his share of the c« y 
in 1915 and devoted the rest of his to 


research. He became a member o' the 
U.S. Naval Consulting Board and 
tor of the Wright Aeronautical Labora- 
tory at Dayton. The Wright brothers’ 
original airplane was placed in the Smith- 
sonian Institution, Washington, D.C., in 
1945, and in 1965 Orville also was elected 
to the Hall of Fame. 


WUNDT, WILHELM (1832-1920) 


One of the first men to apply a scien- 
tific approach to psychology was the Ger- 
man philosopher, physician, physiologist, 
and psychologist Wilhelm Wundt. He 
was also the founder of the content school 
of psychology, so called because it at- 
tempted to describe the content of con- 
sciousness. Since Wundt believed that 
the study of psychology was dependent 
upon direct experience, his approach to 
the subject was introspective. 

Wundt, the son of a Lutheran pastor, 
was born at Neckarau, near Mannheim, 
in Baden, and received his early school- 
ing from private tutors. After obtaining 


his medical degree from the University 
of Hei g in 1856, he studied for a 
few mosths in Berlin and then returned 
to He as a lecturer in physiology. 
There , he began teaching the 
first \ in scientific psychology ever 
offer - significance of this was that 
until ie psychology had been con- 
sider fall entirely within the realm 
of | phy. In 1874 he received an 
app: t at the University of Ziirich, 
whe remained for a year before 
join faculty of the University of 
Leit professor of philosophy. He 
estal | the world’s first laboratory 
for rental psychology there in 1879 
and ed his professorship until his 
reti tin 1917. 

I Wundt published his lectures 
on fic psychology. Approximately 
ten later he published his most im- 
por ork, from a historical view, 
Fu tals of Physiological Psychol- 
ogi 81 he founded the first journal 
of ogy. He also wrote extensively 
on bjects of philosophy and physi- 
ole 
wi CHARLES ADOLPHE (1817-1884) 

»nch chemist Charles Wurtz is 
co l to be the discoverer of the 
ar id compound ureas. In 1849 he 
di d ethylamine; in 1856, the syn- 
th f ethylene glycol. The previous 
ye had found that hydrocarbons 
c » synthesized by the reaction of 
sc with alkyl halides, In his honor 
th mical action was named the 
W reaction. Earlier he did important 
we m the oxides of phosphorus, dis- 
covering phosphorous oxychloride in 
1846, He also authored a dictionary of 
chemistry. 


Wurtz was born at Wolfisheim, near 
Strasbourg, and received his degree 
from the Strasbourg Medical School in 
1843, The following year he went to 
Paris, where in 1845 he became an assist- 
ant at the École de Médecine. There he 
was professor of organic chemistry and 
of mineral chemistry and toxicology from 
1852 until 1875, when he accepted a pro- 
fessorship in organic chemistry at the 
Sorbonne. He was honored with foreign 
membership in the Royal Society in 1864 
and was elected to the Académie des Sci- 
ences in 1867, Shortly before his death in 
Paris he served as a senator. 


YANG, CHEN NING (1922- ) 


The discovery by the Chinese-U.S. 
physicist Chen Ning Yang of exceptions 
to the law of the conservation of parity 
led to many changes in the theory of 
atomic physics. Yang worked on this 
project with another Chinese-U.S. physi- 


cist, Tsung-Dao Lee; and for their con- 
tribution in this area, they were both 
awarded the 1957 Nobel Prize in physics. 
(See Tsung-Dao Lee. ) 

Along with Lee, Yang worked on a 
special type of symmetry law known as 
the law of the conservation of parity, 
which states that physical events oc- 
cur without regard for right or left. Ac- 
cording to this law, right and left are 
interchanged in a sort of mirror effect, 
represented by the quantum values +1 
and —1 and called even and odd parity. 
Like the law of the conservation of 
energy, the law of the conservation of 
parity was assumed to be one of the basic 
laws of physics. 

In 1956 Lee and Yang worked on the 
problem of the parity of the K-meson, 
which seemed to contradict the law of 
the conservation of parity. Their experi- 
ments to test the law provided con- 
clusive proof that parity is not conserved 
in weak interactions, such as the decay 
of beta particles and other elementary 
particles. 


Chen Ning Yang 


Yang was born at Hofei, China, and 
educated at the National Southwest As- 
sociated University at K’un-ming and 
Tsinghua University. In 1945 he was 
granted a scholarship and moved to the 
United States for further study at Colum- 
bia University in New York City. Wish- 
ing to study with Enrico Fermi, he later 
enrolled at the University of Chicago, 
where he was awarded a doctorate in 
1948. After graduating, he taught physics 
there for a year and then became a mem- 
ber of the Institute for Advanced Study 
at Princeton, New Jersey, being made full 
professor in 1955. 


YERSIN, ALEXANDRE ÉMILE JOHN 
(1863-1943) 

The Swiss bacteriologist Alexandre 
Yersin won fame as the discoverer of 
the plague bacillus in 1894 while doing 
research in Hong Kong. Almost simul- 
taneously, but working independently, 
Shibasaburo Kitasato made the same dis- 


YOUNG 


covery. Yersin then undertook the devel- 
opment of a serum for combating the 
plague, succeeding in 1895. 

He was born in Aubonne and educated 
at Lausanne, Marburg, and Paris. From 
1889 to 1890 he worked with Pierre Roux 
at the Pasteur Institute in Paris on the 
development of a diphtheria toxin. Yersin 
then left for the Far East, where he re- 
mained for the rest of his life. He did 
some exploring in China and carried on 
his research there as well as in what was 
then French Indochina. Under the aus- 
pices of the Chinese government, he 
founded two branches of the Pasteur In- 
stitute, one at Canton and another at 
Nha Trang. He became director of the 
institute at Nha Trang. Yersin is also 
credited with having introduced the rub- 
ber tree into Indochina. 


YOUNG, ARTHUR (1741-1820) 


The English agriculturist and agricul- 
tural writer Arthur Young was instru- 
mental in educating British farmers at a 
time when the agricultural practices of 
that country were changing from a med- 
ieval to a modem system. In addition to 
his numerous individual publications, he 
began a journal, Annals of Agriculture, 
in 1784, dedicated to raising the stan- 
dards of farming. 

Young was born in London and in his 
youth was apprenticed to a merchant. 
The death of his father and of the mer- 
chant, however, made it impossible for 
him to pursue a career in commerce; and 
in 1763 he took up farming, but this ven- 
ture also was unsuccessful. He then 
turned to writing on agriculture, his first 
work appearing in 1767, followed by 
works on a series of tours through Britain 
and the Continent. In 1793, when the 
Board of Agriculture was established, 
Young was appointed secretary. 


YOUNG, THOMAS (1773-1829) 

The English physician, physicist, and 
Egyptologist Thomas Young contributed 
to the development of the wave theory 
of light and discovered the principle of 
interference of light. He did important 
work in other areas of physics and in 
physiological optics as well. Skilled in 
languages, he also helped decipher the 
hieroglyphic inscriptions of the Rosetta 
Stone. 

While still a student he established a 
reputation for himself with his work on 
the ciliary muscle and its effect on the 
accommodation of the eye, the means by 
which the lens changes shape to focus on 
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objects at varying distances. This work 
led to his election to the Royal Society 
in 1794. 

Young’s other important research on 
the physiology of the eye included his 


In 1801 Thomas Young was appointed profes- 
sor of natural philosophy at the Royal Institu- 
tion, where he remained until 1803. 


—______________________________6 


description and measurement of astigma- 
tism in 1801 and his suggestion that the 
perception of color is due to three types 
of nerve structures in the eye that re- 
spond to red, green, and violet light, re- 
spectively. This theory was later devel- 
oped by H. L. F. von Helmholtz and be- 
came important in color photography and 
eventually in color television. 

In the area of physics, besides discov- 
ering the principle of the interference of 
light, Young did work on the cohesion of 
fluids and on the nature of elastic sub- 
stances. The constant in equations con- 
cerning elasticity is known as Youngs 
modulus. He gave the modern scientific 
meaning to the word energy—the prop- 
erty of a substance or system that makes 
it capable of doing work—and also ex- 
plained the theory of capillarity. 


Thomas Young 


Young was born at Milverton, Somer- 
set, England, and educated at Emmanuel 
College, Cambridge, and at Edinburgh. 
Three years after receiving his medical 
degree from Göttingen, Germany, in 
1796, he began practicing medicine in 
London. From 1801 to 1803 he was pro- 
fessor of natural philosophy at the Royal 
Institution. Not being a successful lec- 
turer, however, he returned to private 
practice and from 1811 was a physician 
at St. George’s Hospital. He also served 
as secretary of the Commission on 
Weights and Measures and foreign sec- 
retary of the Royal Society. 


YUKAWA, HIDEKI (1907— ) 


The Japanse physicist Hideki Yukawa 
was the founder of the meson theory, one 
of the most important theories in nuclear 
physics. For his investigations in theo- 
retical physics, especially his work con- 
cerning elementary particles, he won the 
1949 Nobel Prize in physics. 

In 1935, early in his teaching career, 
Yukawa developed a new theory of nu- 
clear forces in which he predicted the 
existence of mesons, or particles with 
masses between those of the electron and 
the proton. Two years later the discovery 
of a type of meson in cosmic rays estab- 
lished the importance of Yukawa’s theory. 
After his work with mesons, he turned to 
a more sophisticated theory of elemen- 
tary particles based on his idea of the 
so-called nonlocal field. 


Hideki Yukawa 


Yukawa was born in Tokyo, the son of 
a geology professor. In 1929 he received 
his bachelor’s degree from Kyoto Univer- 
sity and lectured there for seve 


l years 
before becoming assistant proiessor of 
physics at Osaka University iy 6. He 
took his doctorate there in 197 id the 
following year was named to i ost of 
professor of theoretical physic ‘yoo, 
where in 1953 he became diri f the 
Research Institute for Fi ental 
Physics. Meanwhile, he had two 
visiting professorships—at th itute 
for Advanced Study in Prin: New 
Jersey, in 1948 and at Colum! ver- 
sity in New York City from 19 953, 
Yukawa was elected a foreign iate 
of the U.S. National Academy « aces 
in 1949, 

ZEEMAN, PIETER (1865-1943) 

The Dutch physicist Piet: nan 
shared the 1902 Nobel Prize ; sics 
with his professor at the Unis of 
Leiden, H. A. Lorentz. Their con- 
tribution to the advancement of ros- 
copy was the Zeeman effect, 10n- 
stration of the relationship betw ght 
and magnetism. Thanks to Zee: ind 
Lorentz, astronomers could det: ag- 
netic effects at the sun’s surface le- 
tails concerning the magnetic ! of 
stars, (See Hendrik Antoon Lor: 

While at Leiden, Zeeman be ris 


examination of the effect of a 1 ic 
field on light. He first observed | le 
lines in the emission spectrum v d 
slightly when a magnetic field v 
plied to the light of sodium or lì 1 
flames. Changes in the flames’ shape 8 
not responsible for this widening bec 
a similar effect occurred with the abso- 
tion spectra. In 1897, the year Zeer 
was appointed lecturer at the university, 
he verified Lorentz’ contention that be- 
cause vibrating electrons produced light, 
the lines should split, as well as widen. 
Zeeman’s proof of the theory showed that 
the spectral lines of light in an intense 
magnetic field split into three compo- 
nents. His effect also confirmed Lorentz’ 
belief that the charged particles of the 
atom were affected by a magnetic field. 
Zeeman, the son of a Lutheran min- 
ister, was born in Zonnemaire, the Neth- 
erlands, and educated at Leiden. After 
receiving his doctorate there, he joined 
the faculty as assistant to Lorentz and 
stayed there until 1900, when he was ap- 
pointed professor of physics at the Uni- 
versity of Amsterdam. Eight years later 
he was named director of its Physical In- 
stitute, Although his study of magneto- 
optics at Amsterdam was hindered by 
poor experimental facilities, he perse- 
vered. His most notable achievements 


there were his propagation of light in 
moving media and his derivation of 
nuclear moments from hyperfine spectra. 
He was elected a foreign member of the 
Roya ciety in 1921 and received its 
Rumford Medal the following year. 


ZEISS. CARL (1816-1888) 
T} jerman industrialist Carl Zeiss, 


who } came internationally renowned as 
a m» ifacturer of optical instruments, 
parti arly telescopes, was born in Wei- 
mar 1846 he opened a workshop at 
Jena © make his instruments, Later he 
hired “rnst Abbe, professor of physics 
at th: niversity of Jena, to make certain 
that products were technically cor- 
rect, \ventually Abbe became his part- 
ner, »əd the two men hired the glass 
chemist Otto Schott, who developed ap- 


proximately 100 new optical glasses while 
associated with them. 
Abbe was able to make tremendous 


improvements on previous microscopes. 
He designed supercorrected immersion 
objectives that he called apochromatics 
and also made an improved refractometer 
to measure light refraction. It was gen- 
erally thought that Zeiss, Abbe, and 
Schott had produced the finest, most ad- 
vanced microscopes that could be made. 
Later improvements were made, how- 
ever. The Dutch professor Frits Zernike 
introduced the phase contrast principle 
to microscopy and persuaded the Zeiss 
firm to introduce such equipment in 1935. 

After Zeiss’s death, Abbe became the 
sole owner of the firm. He then donated 


it to the Carl Zeiss Foundation. 

In 1945, at the close of World War II, 
the board of the Zeiss firm, along with 
approximately 100 of its leading scien- 
tists and technical workers, were evacu- 
ated from Jena (which was then in East 
Germany, controlled by the Communists) 
by the U.S. Army. The Carl Zeiss Foun- 
dation was reopened in Heidenheim, 
West Germany, and the Carl Zeiss fac- 
tory was newly located at Oberkocke. 
The Schott glassworks were moved to 
Mainz. 


ZEPPELIN, FERDINAND, GRAF VON 
(1838-1917) 


The world’s first airship of rigid de- 
sign, the dirigible, was engineered by the 
German inventor Ferdinand, Graf von 
Zeppelin. Dirigibles came to be com- 
monly known as zeppelins and were the 
first airships to be powered by engines. 
Many of them were filled with highly ex- 
plosive hydrogen gas. 

Zeppelin was born at Constance, Baden, 
and educated in preparation for a mili- 
tary career. While in the United States 
as an observer in the Union army during 


the American Civil War, he became in- 
terested in balloons capable of carrying 
men, It wasn’t, however, until after his 
retirement in 1891 with the rank of lieu- 
tenant general—long after he had returned 
to Germany and pursued a military career 
—that he tumed his attention to the de- 
velopment of dirigibles. 

His first dirigible, which was a cigar- 
shaped aluminum structure powered by 
an internal-combustion engine, was sent 
into the air on July 2, 1900. It flew at a 
speed of twenty miles per hour. After 
building two more experimental models, 
he formed a company and built five more 
airships. Before his death at Charlotten- 
burg he saw his zeppelins stage attacks 
on London during World War I. After 
the war, dirigibles were manufactured in 
the United States by the Goodyear-Zep- 
pelin Company. Two of the most famous 
dirigibles were the Graf Zeppelin and the 
Hindenburg. 


ZERNIKE, FRITS (1888-1966) 


The Dutch physicist Frits Zernike de- 
veloped an optical method that made 
possible for the first time microscopic ex- 
amination of the internal structure of 
cells without staining them. For this 
method of phase-contrast microscopy, as 
well as other outstanding contributions 
in the field of optics, he received the 
1953 Nobel Prize in physics. 


Frits Zernike 
a eS i, 


Zernike’s early research involved dif- 
fraction gratings and astronomical tele- 
scopes. He later published his diffraction 
theory, including the discovery of the so- 
called polynomials of the phase-contrast 
method. The latter method, when applied 
to microscopy, brought about revolution- 
ary advances in biological and medical 
research. 

Zernike was bom in Amsterdam and 
educated at the University of Amster- 
dam. After receiving his doctorate in 
1915, he joined the Department of As- 
tronomy at the University of Groningen, 


ZIEGLER 


becoming professor in 1920. He remained 
there as professor of theoretical and tech- 
nical physics and theoretical mechanics 
until his retirement in 1958. Ten years 
earlier he had been visiting professor for 
a year at Johns Hopkins University, Balti- 
more, Maryland. In 1952 he was awarded 
the Rumford Medal of the Royal Society 
of London, 


ZIEGLER, KARL (1898— ) 


For devising a low-pressure process 
that produced a stronger and more heat- 
resistant polyethylene, Karl Ziegler, Ger- 
man organic chemist, won a share of the 
1963 Nobel Prize in chemistry. The co- 
winner was the Italian chemist Giulio 
Natta. (See Giulio Natta.) 

Zieglers prizewinning work was his 
discovery in 1953 that substances made 
by mixing organometallic compounds 
with compounds of certain heavy metals 
bring about the fast polymerization of 
ethylene, at atmospheric pressure, to a 
linear polymer of high molecular weight. 
Polymerization is a process by which 
simple molecules are linked in chains or 
rings to form giant molecules, or poly- 
mers. The Ziegler process resulted in a 
straight-chain polymer rather than a 
branched-chain polymer, in which the 
branches weaken the final product. 

After World War II, Ziegler concen- 
trated on organic compounds of alumi- 
num. He demonstrated that ethylene 
could be added to the aluminum-carbon 
bond of aluminum trialkyls, permitting 
the syntheses of higher aluminum trial- 
kyls, from which alcohols for detergents 
could be obtained. He found also that 
nickel would catalyze the exchange of 
groups attached to aluminum by ethyl- 
ene, thereby liberating higher olefins, and 
that metal alkyls can be prepared from 
aluminum trialkyls by electrochemical 
techniques; the gasoline antiknock addi- 
tive lead tetraethyl is a leading example. 

One day Ziegler and a student, E. 
Holzkamp, were about to prepare higher 
aluminum alkyls by heating ethylene and 
aluminum triethyl. Unexpectedly, they 
obtained a complete conversion of the 
ethylene monomer to the dimer, butene-1. 
Seeking an explanation, they found in 
the autoclave a trace of colloidal nickel 
derived from the catalyst used in previ- 
ous hydrogenation experiments. This 
event led to the discovery for which Zieg- 
ler was cited in the Nobel award. The 
catalyst derived from aluminum alkyl 
and titanium tetrachloride formed the 
basis of nearly all later developments in 
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man-made plastics, rubbers, fibers, and 
films, which stem from such olefins as 
ethylene and butadiene. 

Ziegler, the son of a minister, was born 
in Helsa, Germany, and educated at the 
University of Marburg. After receiving 
his doctorate in 1923, he remained at 
Marburg as a lecturer until 1925. Subse- 
quently, he taught at the universities of 
Frankfurt and Heidelberg, where he be- 
came professor in 1927. He left Heidel- 
berg in 1936 to be professor of chemistry 
and director of the Chemical Institute at 
the University of Halle. In 1943 he was 
appointed director of the Kaiser Wilhelm 
(later the Max Planck) Institute for Coal 
Research in Miilheim. Beginning in 1947, 
he served also as honorary professor at 
the Technical High School in Aachen. 


ZIRKEL, FERDINAND (1838-1912) 


The German engineer Ferdinand Zir- 
kel was a pioneer in the use of micro- 
scopes to study and classify rocks (micro- 
scopic petrography). After a visit to 
England in 1868, he made sections of 
rocks and studied them according to the 
techniques he had learned from H. C. 
Sorby, whom he had met on the trip and 
who was doing pioneer work with the mi- 
croscope in connection with geological 
studies. Zirkel also introduced micro- 
scopic petrography to the United States 
after the geologist Clarence King asked 
him to describe some rocks collected 
along its 40th parallel. 

Zirkel was born in Bonn, Germany, 
and trained as a mining engineer. In 
1863 he became professor of mineralogy 
at Lemberg University, and in 1870 he 
was appointed professor of mineralogy 
at the University of Leipzig. He retired 
from teaching and research in 1909. 

Zirkel’s famous book Lehrbuch der 
Petrographie (1866) was written before 
he had heard about microscopic petrog- 
raphy. In 1870 he published a book on the 
characteristics of basalts, dedicating it to 
Sorby in appreciation for his help. Three 
years later his book about microscopic 
petrography, Mikropische Beschaffenheit 
der Mineralien und Gesteine, appeared. 
In 1876, employing his microscopic tech- 
niques, Zirkel wrote the fourth volume of 
the report of the King survey. After he 
had gained new knowledge of the micro- 
scope as a potent tool, Zirkel rewrote 
Lehrbuch almost completely (three vol- 
umes; 1894). 

The mineral zirkelite was named in his 
honor. It consists of a basic hydrous 
chloride of iron, magnesium, calcium, 


and aluminum; it is isometric and brittle, 
with a shiny luster; and when sectioned 
into very thin segments, it appears to 
have a brownish or dark red cast. It 
occurs in Brazil and was first located at 
Jacupiranga, near Sao Paulo. 


ZSIGMONDY, RICHARD ADOLF 
(1865-1929) 


While employed at the Schott Glass- 
works in Jena, Germany, the Austrian 
chemist Richard Zsigmondy investigated 
submicroscopic water suspensions of 
gold. His desire to examine more closely 
these particles, so minute that they re- 
mained suspended rather than settling 
out, led to his invention of the ultrami- 
croscope. For designing this tool and for 
his ensuing discoveries about colloids, 
he was awarded the Nobel Prize in chem- 
istry in 1925. 

Despite their extremely small size, col- 
loidal particles do scatter light. Zsigmondy 
reasoned, therefore, that only scattered 
light would enter a microscope if that 
microscope were adjusted at right angles 
to the beam of light shining through a 
colloidal solution. In 1903, with the help 
of a physicist, he perfected the ultra- 
microscope, which made possible the ob- 
servation of colloid particles as points of 
light. Although still too small to be seen 
in detail, they could at least be counted 
and their movements traced. The ultra- 
microscope also revealed something of 
the size and shape of the particles. 

Zsigmondy, the son of a Viennese phy- 
sician, was educated in Germany, where 
he spent his entire professional career. 
His interest in colloids stemmed from 
postgraduate study of glass colors. After 
receiving his doctorate in organic chem- 
istry from the University of Munich in 
1889, he worked as a research assistant 
in Berlin and Graz for eight years. He 
was particularly intrigued by the colors 
resulting from the application of organic 
solutions of gold to porcelain. Because 
of his specialized knowledge, he was 
hired by the glassworks at Jena in 1897, 
and during the next three years he pro- 
duced several types of colored glass, in- 
cluding so-called milk glass. Frustrated, 
however, by his inability to view closely 
colloidal gold particles, he left the works 
in 1900 and devoted himself to designing 
the ultramicroscope. He continued his 
colloidal research in his private laboratory 
until 1907, when he joined the faculty of 
the University of Göttingen as professor 
of inorganic chemistry. 

During his lifetime Zsigmondy was the 
acknowledged expert on colloidal chem- 
istry. His systematic investigation of col- 
loids as a subdivision of matter greatly 
advanced man’s understanding of smoke, 


fogs, foams, and films. Biochemistry, bac- 
teriology, and soil physics were the areas 
of science to benefit most from Zsig- 
mondy’s discoveries. 


ZWORYKIN, VLADIMIR KOSMA 
(1889- ) 
The Russian-born U.S. elec 


iic en- 
gineer and inventor Vladimir orykin 
is known as the Father of Tele. ion be- 
cause he invented the iconc the 
camera tube that made possi! » de- 
velopment of the all-electroni ision 
system. During his long car con- 
tinued to work on improv for 
television, as well as helping è the 
electron microscope, the el ulti- 
plier tube, and the electronic con- 
trol system. 

Zworykin was born at M tus- 
sia, and took a degree at thi ters- 
burg Institute of Technology go- 
ing on to Paris to take advan dies 
at the Collège de France. A Vorld 
War I he moved to the Unite s to 
do research for the Westingho: rpo- 
ration in Pittsburgh, Pennsy) ind 
continued his studies at the | sity 
of Pittsburgh, receiving his di >in 
1926. He joined the research sta CA 
(Radio Corporation of America 129 
and headed the electronic lab at 


Camden, New Jersey, and later e- 
ton, New Jersey, From 1954 to he 
was director of the electronics it 
the Rockefeller Institute for Mex 

search (later Rockefeller Unive 1 
New York City. 

Zworykin received the 1941 R: | 
Medal from the National Acade: f 
Sciences and was elected a memb ) 
years later, In 1965 he was eleci i 
member of the National Academy of 
gineering, and in 1967 he received the 
National Medal of Science. He was also 
recipient of the Medal of Honor of the 
Institute of Electrical and Electronics 
Engineers in 1951, the Edison Medal of 
the American Institute of Electrical En- 
gineers in 1953, and the Faraday Medal 
of the British Institution of Electrical 
Engineers in 1965. 


Vladimir Zworykin 


ALFVEN, HANNES OLOF GOSTA 
(1908— ) 


A Swedish physicist who pioneered re- 
search in behavior of high-energy 
conducti ses in magnetic fields, Han- 
nes Alfv i ıs co-winner of the 1970 
Nobel ! physics. Sharing the award 
was th ch physicist Louis E. F. 
Néel. A` vas cited for his fundamen- 
tal con ») and discoveries in mag- 
netohy mics with applications in 
variou of plasma physics. (See 
Louis Félix Néel.) 

Mas Irodynamics is important in 
devel: ntrolled thermonuclear re- 
actors o applies to the thrust for 
outer sropulsion and to space-ve- 
hicle | upon reentry into the atmo- 
spher ra, sometimes referred to in 
physi fourth state of matter (after 
the sc rid, and ordinary gas states), 
is an ically conductive gas com- 
posed utral and ionized particles 
and f ctrons. An understanding of 
plasm ics is necessary for explain- 
ing tl in of the solar system. 


Alf is born in Norrköping, Swe- 


den, 


educated at the University 
of U} As a faculty member of the 
Roya ute of Technology in Stock- 
holn erved successively as pro- 
fessi lectricity (1940-1945), elec- 
tron 5-1963), and plasma physics 
(196 Protesting what he consid- 
ered uate funds for research proj- 
ects iceful uses of the hydrogen 
bom ‘n left Stockholm in 1967. He 
Was | chairs by the Soviet Union 
and nited States. After a short stay 
in] he moved to the United States. 
He; his peace with the Swedish gov- 
emme shortly thereafter and began 
teach ix months each year at the Uni- 


si f California in San Diego and 
six months at the Institute of Technology 
in Stockholm. In California, Alfvén 
taught astrophysics to postgraduate stu- 
dents. 

One of Alfvén’s better-known papers, 
“On the Origin of the Solar System,” 
was written in 1954. He was elected to 
the U.S. National Academy of Sciences 
and other learned bodies and in 1967 
was awarded the Gold Medal of the 
British Royal Astronomical Society. 


HOWE, ELIAS (1819-1867) 

The sewing machine, which was the 
first invention that appreciably lightened 
the work of women in the home, was 
invented by Elias Howe, a nineteenth- 
century U.S. machinist. Like other labor- 
saving devices, it met with early resist- 
ance because of the fear of industrial 
unemployment. 


Howe was born at Spencer, Massachu- 
setts, where he took particular interest in 
the machinery in his father’s gristmills 
and sawmills. At age twelve he was ap- 
prenticed for two years in a cotton ma- 
chine shop in Lowell, Massachusetts; and 
later he worked for an instrument maker 
in Boston, Massachusetts. Struck by the 
fact that every phase of spinning and 
weaving had been mechanized while 
family sewing still was done by hand, 
Howe conceived the idea for a sewing 


Elias Howe 


machine and spent five years in its de- 
velopment. By 1845 he had built a ma- 
chine that sewed 250 stitches per minute. 
He was granted a patent in the following 
year. 

A London, England, manufacturer 
asked Howe to work for him, applying 
the invention to the making of shoes. 
Howe accepted and sold the British rights 
to the manufacturer for a small sum. Be- 
fore long, however, they quarreled; and 
Howe retumed to the United States, in- 
stituting prolonged litigation to protect 
his patent from widespread piracy. His 
rights were established in 1854, and for 
the rest of his life he received royalties 
on all sewing machines made in the 
United States. In 1915 Howe was elected 
to a place in the Hall of Fame for Great 


Americans. 


LI, CHOH HAO (1913- ) 

The Chinese-American biochemist 
Choh Hao Li was responsible for isolat- 
ing and synthesizing the human pituitary 
growth hormone (HGH). Besides di- 
rectly benefiting victims of pituitary 
dwarfism, the achievement was expected 
to provide a tool for research on cancer, 
heart disease, metabolism, and bone and 
tissue repair. Before the synthesis of 
HGH, such treatment and study were 
hampered by the extremely limited sup- 
ply of the HGH hormone from the pitui- 
tary glands of human cadavers. 

‘After identifying the structure of the 
HGH molecule in 1966, Li spent four 
years on the painstaking task of synthe- 


ADDENDUM 


sizing the complex molecule, which con- 
sists of a chain of 188 amino acids with 
two loops—one containing six subunits, 
and the other, ninety-three. During his 
career of investigation into the pituitary 
—the master gland that holds the chemi- 
cal key to nearly all important body 
functions by controlling the release of 
hormones by other glands—Li and his 
associates isolated and purified eight of 
the pituitary’s ten known hormones. 

Li was born in Canton, China, the son 
of an industrialist. He graduated from 
the University of Nanking in 1933 and 
two years later went to the United States 
to study at the University of California 
at Berkeley. After receiving his doctorate 
there in 1938, he joined the faculty and 
served successively as professor of bio- 
chemistry, professor of experimental en- 
docrinology, and director of the univer- 
sity’s hormone research laboratory in San 
Francisco. 

In 1955 Li became a naturalized U.S. 
citizen. His many honors and awards 
from learned societies in North and South 


Choh Hao Li 
— ee 


America, Europe, and Asia included the 
Lasker Award for Basic Medical Research 
in 1962 and the Scientific Achievement 
Award of the American Medical Asso- 
ciation in 1970. He was elected to mem- 
bership in the American Association for 
the Advancement of Science (1949), the 
American Academy of Arts and Sciences 
(1963), and the American Institute of 
Chemists (1968). 
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THE 
ILEUSERATED SCIENCE 
DICTIONARY 


Tremor to Zymolysis 


KEY TO PRONUNCIATION 


The diacritical marks are: 


ə banana, abut e bet th thin 
ə preceding l, m, n é beat th then 

as in battle i tip ü rule, fool 
è electric i bite ù pull, wood 
er further j job, gem ue German 
a mat n sing hübsch 
ā day ō bone ue French rue 
4 cot, father ò saw, all yü union 
au now, out òi coin zh vision 


' mark preceding the syllable with strongest stress. 
, mark preceding a syllable with secondary stress. 


The system of indicating pronunciation in these volumes is used by permission 
from Webster's Third New International Dictionary, copyright 1961 
by G. & C. Merriam Co., Publishers of the Merriam-Webster Dictionaries. 
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tremor 


tremor \'trem-ar\ n. 
EARTH SCIENCE. A quivering or shaking movement of land sur- 
faces; a small, or low-intensity, earthquake, 


A seismograph may detect a TREMOR at a considerable distance 
from its source. 


triangle \'tri-,an-gal\ n. 
MATHEMATICS. A closed geometric figure with three sides and 
three angles; a three-sided polygon. 


The sum of the angles of any TRIANGLE is equal to 180 degrees. 


triangulation \(.)trî-,ay-gyo-"la-shon\ n. 

ENGINEERING and MATHEMATICS. A method of surveying, based 
on the use of successive triangles, beginning with an accurately- 
measured base line. Points are sighted and angles measured 
from the ends of the base line, and the unmeasured sides of the 
triangle are then computed by trigonometry and, in turn, used 
as base lines of new triangles. In this way, a large region of the 
earth’s surface may be surveyed. 


The process of TRIANGULATION is widely used in geodetic sur- 
veys and in the preparation of maps. 


triboluminescence \;tri-bd-lii-ma-'nes-°n(t)s\ n. 
PHYysIcs. The emission of faint light by certain substances, espe- 
cially crystals, when they undergo friction by being ground 
or crushed, Triboluminescence is thought to be caused by 
piezoelectric discharges, 


A slight amount of TRIBOLUMINESCENCE occurs when sugar 
crystals are crushed. 


trifocal \(')tri-'f5-kal\ adj. 
MEDICINE. Referring to corrective lenses made up of three seg- 
ments with different focal lengths. 


TRIFOCAL lenses correct near, intermediate and distant vision. 


trigonometry \,tri g-ə-'näm-ə-trē\ n. 

MATHEMATICS, That branch of mathematics that originally was 
concerned with the study of relations between the sides and 
angles of triangles and with the application of these relations 
to the solution of practical problems. At present, more emphasis 
is placed on theoretical and analytical considerations, such as 
relationships among the functions, graphs, variations, inverse 
functions and solutions of trigonometric equations. 


A basic knowledge of tRICONOMETRY is required in practically 
all phases of engineering. 


TRIANGULATION À 
fc 


Z \ 
7 xi 
de 
4 X 
7 
5 N 
4 45° 90° È 


Surveyor measures base line and two 
angles to determine position of tree 


M (i 
pet 
Intermediate vision 
Distant vision 
Near vision 


TRISECT 


ELECTRON ELECTRON 


S 
NORMAL HYDROGEN TRITIUM 


ul aH" 
(ATOM) (ATOM) 


I, 


TROPICAL AIR MASS 


tropical year 


trinomial \tri-'nd-mé-al\ n. 
MATHEMATICS, An expression, or polynominal, that has three 
terms. 


The expression 2x* — x + 10 is a TRINOMIAL. 


triode \'tri-,ad\ n. 
ENGINEERING. A vacuum tube incorporating three separate ele- 
ments. 


A TRIODE usually contains an anode, a cathode and a grid that 
controls the flow of electrons from one to the other. 


triple point \'trip-°l 'pòint\ 
CHEMISTRY and puysics. The temperature and pressure at which 
a given substance can exist as a solid, liquid and gas at the same 
time. 
The rRIPLE POINT for water is 0.0099° C. at 0.006 atmosphere of 
pressure. 


trisect \'tri-,sekt\ v. 
MATHEMATICS, To separate, or divide, into three equal parts. 


It is ordinarily impossible to rriscr an angle by using only a 
straightedge and compasses. 


tritium \'trit-é-em\ n. 

cuemistry and PHYSICS. A heavy form (isotope) of the element 
hydrogen that has a nucleus containing one proton and two 
neutrons, as compared with ordinary hydrogen that has one 
proton and no neutrons in its nucleus. Tritium is radioactive 
and occurs in nature in very small quantities (about 5 atoms in 
every billion billion hydrogen atoms ). It is used as a tracer; see 
tracer, isotope and deuterium. 


Rainwater contains more TRITIUM than does ocean water, pos- 
sibly because tritium is formed by reactions with cosmic rays 


in the upper atmosphere. 


tropical air mass \'träp-i-kəl 'a(a)r 'mas\ 
EARTH SCIENCE. A large body of air that originates or acquires 
its characteristics in the tropics. 


A TROPICAL AIR MASS that forms over the ocean is warm and 
moist, while one that forms over land is hot and dry. 


tropical year \'träp-i-kəl ‘yi(9)r\ 


ASTRONOMY. The time required for one revolution of the earth 
around the sun with respect to the vernal equinox. The length 
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Tropic of Cancer 


of the tropical year is 365 days, 5 hours, 48 minutes and 46 sec- 
onds; see vernal equinox and sidereal year. 


TROPIC 
The calendar year beginning on January 1 is slightly shorter OF CANCER 
than the rropicat vear and is adjusted by having an extra day e 
in each leap year. ARRUE: > 


Tropic of Cancer \'träp-ik əv 'kan(t)-sər\ 
EARTH SCIENCE, An imaginary line parallel to the earth’s equator 
at a latitude of 23% degrees north. It is an imaginary line on 
the earth from which the sun would appear to pass directly 


overhead at the summer solstice (June 22). TROPIC ANTARCTIC 
; 3 OF CIRCLE 
At some time during the course of a year, the sun appears to CAPRICORN 


pass directly overhead to all observers in the belt bounded by 
the Tropic OF CANCER and the Tropic of Capricorn. 


Tropic of Capricorn \'trap-ik av 'kap-ri-,kó(ə)rn\ 
EARTH SCIENCE. An imaginary line parallel to the earth's equator 
at a latitude of 23% degrees south. It is an imaginary line on the 
earth from which the sun would appear to pass directly over- 
head at the winter solstice (December 22). 


TROPISM 


The belt between the TROPIC or capricorn and the Tropic of iecstive) 


Cancer is known as the Torrid Zone. 


tropics \'trip-iks\ n. 
EARTH SCIENCE. That area of the earth’s surface between the i 
Tropics of Cancer and Capricorn. The tropics include all points Rita oe rata 
on the earth’s surface over which the sun is vertical at some of plant 
time during the year; also known as the Torrid Zone. 


Certain areas of the Tropics have over 100 inches of rainfall 
per year. 


tropism \'trd-,piz-em\ n. 
BIOLOGY. The movement of an organism or part of an organism 
toward or away from external stimuli, such as light, water, grav- 
ity or heat. 


Stratosphere 
{auf TROPOPAUSE = 


Cirrus clouds 


= 


Movement toward a stimulus is called positive tropism and 
movement away is called negative tropism. 


tropopause \'trò-pa-,poz\ n. 
EARTH SCIENCE. The layer of the atmosphere between the top 
of the troposphere and the bottom of the stratosphere. It occurs 
at an average altitude of 7 miles but varies with latitude and 
season. 


Most of the weight of the earth’s atmosphere lies below the 
TROPOPAUSE. 


TROUGH 


ANTICLINE 


tuber 


troposphere \'trò-pa-,sfi(9)r\ n. 
EARTH SCIENCE, The lower layer of the earth's atmosphere, char- 
acterized by air turbulence due to convection currents and vary- 
ing in thickness from 30,000 to 60,000 feet. 


The temperature of air in the TROPOSPHERE generally decreases 
with altitude, usually at a rate of about 3.5° F. per thousand 
feet. 


trough \'trof\ n. 
EARTH SCIENCE. A depression, or basin, between ridges, or the 
bottom of a syncline; also, the depression between wave crests 
on water; also, an elongated area of low pressure in the atmos- 
phere. 


A troucn may be formed if a long, narrow block of the earth’s 
crust sinks relative to the land on either side. 


troy weight \'troi 'wat\ 
MATHEMATICS. A system of weights, used to weigh fine metals 
and precious stones. Its basic unit is equal to 12 ounces, or 5,760 
ROY WEIGHT derives its name from Troyes, France, where it 
was first used. 


trypsin \'trip-son\ n. 

puysioLocy. One of several enzymes that aid in the digestion of 
proteins. It is produced in the small intestine by the action of 
another enzyme upon the compound trypsinogen, present in the 
pancreatic gland. 

rypsin can act on raw proteins, but it is more effective on 
cooked proteins or on those that have been partly digested in the 
stomach. 


tsunami \(t)sü-'näm-ē\ n. 
EARTH SCIENCE. A giant wave caused by an earthquake or vol- 
canic eruption on the ocean floor. Its wave front is only a few 
feet high when at sea but rises as high as 100 feet as it moves 
across shallow water to the shore. It is sometimes incorrectly 


called a tidal wave. 
A rsunaMI may travel across the ocean at speeds of 300 to 500 
miles per hour. 


tuber \'t(y)ii-bar\ n. 
sorany. A short, fleshy, underground stem that functions in 


food storage and asexual reproduction. 


The skin covering the Irish potato TUBER is bark that has little 
nutritive value. 
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tubercle | 


tubercle \'t(y)i-bor-kel\ n. 
1. MEDICINE and zooLocy. Any small, abnormal, hard growth 
on or in a structure of the body; also, a normal knoblike struc- 
ture, as on a bone. 2. BOTANY. A small tuber or tubelike growth 
on the roots of plants or a wartlike growth on a plant. 


Tuberculosis is named for the characteristic ruseRcLE that 
forms around the bacteria causing the disease. 


tularemia \,tii-lo-'ré-mé-a\ n. 
MEDICINE and zooLocy. An infectious bacterial disease of ro- 
dents and some other mammals that is transmissible to man. 
The disease can be transmitted through a bite or through han- 
dling an infected animal and causes a long-term fever. 


Rabbits are sometimes infected with TULAREMIA. 


tumor \'t(y)ii-mor\ n. 
MEDICINE. An abnormal growth that is not part of the normal 
body structure and that has no physiological function. 


A rumor may often be removed from the body by surgery. 


tundra \'ton-dra\ n. 
EARTH SCIENCE. A swampy plain found at high altitudes and 
in the arctic and subarctic regions of North America, Europe 
and Asia. A tundra is characterized by large areas of a black 
muck or swampland soil covering permanently-frozen subsoil. 


The trees that grow on runona are usually dwarf varieties. 


tungsten \'ton(k)-ston\ n. 
CHEMISTRY. A heavy metallic element that has a high melting 
point (3,370° C.) and that does not react readily with other 
substances at ordinary temperatures; also called wolfram. Sym- 
bol, W; atomic number, 74; atomic weight, 183.85. 


The filament of an ordinary light bulb is mostly TuNcsTEN. 


turbidity current \,tor-'bid-at-é 'kor-ant\ 
EARTH SCIENCE. A current produced by the higher density of 
muddy, or turbid, water relative to the surrounding water; see 
density current. 


Mud particles that result in a TuRBwrTY CURRENT may be caused 
by the erosive action of waves. 


turbine \'tor-bon\ n. 
ENGINEERING. A machine in which a stream of water, steam or 
gas turns a fanlike wheel. A turbine is used in changing stored 
energy into mechanical energy. 
A drive shaft can be attached to the rotor, or fan, of a TURBINE 
and can be used to drive an electric generator. 


Phos = 


MOSSES, 


SHRUBS, LICHENS N TUNDRA 


TUNGSTEN 
(FILAMENT) 


TURBINE 


IMPELLER 


NOZZLE 


TURBINE 


GEAR WHEELS 
BOX  TURBOPROPELLER 
ENGINE 
TURBOSUPERCHARGER 


AIR 
+ INTAKE 
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PRESSURIZED 

AIR AND FUEL MIXTURE 


turbulence 


turboelectric generator \,tor-(,)bd-i-‘lek-trik ‘jen-o-,ra-tar\ 
ENGINEERING. A device that produces current electricity. It is 
driven by a turbine, the source of power being a stream of 
water, steam or gas; see turbine. 


Where water is not available for producing electricity, a steam- 
driven TURBOELECTRIC GENERATOR may be used. 


turbojet engine \'tər-bō-,jet 'en-jon\ 
AERONAUTICS and ENGINEERING. A type of jet engine in which 
the hot gases, before they leave the engine, drive a turbine that 
is connected to an air compressor. The compressor provides 
compressed air in which fuel is burned, thereby producing 
more hot gases. 


The turbine blades in a TURBOJET ENGINE must be constructed 
of special materials that will withstand very high temperatures. 


turbopropeller engine \,tar-(,)b6-pro-'pel-ar 'en-jon\ 
AERONAUTICS and ENGINEERING. An internal-combustion engine 
similar to a turbojet engine, except that the compressor shaft 
extends forward through reduction gearing to a propeller; also 
called turboprop engine. 


A TURBOPROPELLER ENGINE produces thrust principally by a pro- 
peller, although some thrust is produced by gases escaping from 
the rear of the engine. 


turbosupercharger \ ,tor-(,)b6-'sii-por-,chiir-jar\ n. 
ENGINEERING. On piston engines, a device used to supply the en- 
gine with enough air to operate efficiently at high altitudes. A 
turbosupercharger has an exhaust-driven turbine that rotates 
the impeller of an air compressor, forcing denser air into the 


fuel-air mixture. 


Through the use of a TURBOSUPERCHARGER, commercial and mili- 
tary aircraft can take advantage of the high-altitude winds 
known as the jet stream. 


turbulence \'tor-bya-lon(t)s\ n. 
EARTH SCIENCE. A condition of irregular air movements in the 
atmosphere, caused by unequal convection currents, by air 
flowing over an uneven surface or by winds with different di- 
rections or speeds flowing past one another; also, the mixing of 
water currents so that the separate currents can no longer be 
recognized (turbulent flow). 


TURBULENCE in the atmosphere may sometimes be observed by 
watching a rising column of smoke. 
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turgor 


turgor \'tor-gor\ n. 
BIOLOGY. Fluid pressure within living cells. 


When a plant is deprived of water, TuRcor is reduced and the 
plant wilts. 


twenty-twenty vision \'twent-é 'twent-é ‘vizh-on\ 
MEDICINE and PHysroLocy. Normal vision, or visual acuity based 
on an ability to read at twenty feet letters % inch in diam- 
eter. 


Most nearsighted people can have TWENTY-TWENTY VISION by 
wearing corrective lenses. 


twins \'twinz\ n. 
Two individuals born at a single birth. They may result from 
one complete division of a fertilized egg (identical twins) or 
from two fertilized eggs (fraternal twins); see identical twins 
and fraternal twins, 


In the United States, human TWINS occur only once in about 
every 90 births. 


tympanum \'tim-pa-nom\ n. 
ANATOMY and zooLocy. The thin, vibrating tissue of a hearing 
organ; an eardrum. 


The tympanum of the common locust is located on the surface 
of the first abdominal segment. 


Tyndall effect \'tin-dol i-'fekt\ 
PHYSICS. The scattering of a beam of light as it passes through a 
transparent medium with the result that the path becomes vis- 
ible. It is caused by light being reflected from particles that are 
too small to be visible (colloidal particles) and yet larger than 
molecules. 


The TYNDALL EFFECT can be observed in the beam from a search- 
light as it is directed up into the sky at night. 


typhoon \ti-'fiin\ n. 
EARTH SCIENCE, An Asiatic tropical cyclone; also, in the Far East 
region of the Pacific Ocean, a hurricane. A typhoon receives 
most of its energy from the condensation of water vapor; see 
cyclone and hurricane, 


A TYPHOON is more common during the late summer and early 
fall months than at other times of the year. 


MPANUM 
(HEARING ORGANI 


Locust 


sil 
A plant is able to 
Push up through cracks 
in coment sidewalks 
because of turgid cells 


ultracentrifuge \,al-tro-'sen-tra-,fyiij\ n. 
BIOLOGY and CHEMISTRY. A very high-speed centrifuge used to 
separate colloidal particles suspended in a liquid by producing 
forces many times that of gravity; see centrifuge and colloid. 


Principle of ultramicroscope 


si MICROSCOPE An ULTRACENTRIFUGE may produce a force on suspended par- 
UGHT aie pari ~ ticles that is about 400,000 times the force of gravity. 
LENS | iens SOSIA ultrahigh frequency \'al-tra-,hi 'fré-kwon-sé\ 
puysics. Referring to any radio wave in the range of 300 to 
ULTRAMICROSCOPE 3,000 megacycles per second; abbr. uhf. 


Commercial television channels may operate on either very 
high frequency or ULTRAHIGH FREQUENCY. 


ultramicroscope \,al-tra-'mi-kro-,sk6p\ n. 
A microscope that uses a special lighting system to make very 
small (colloidal) particles visible. The particles, suspended in 
an air- or liquid-filled chamber, are lighted by an intense beam 
of light from the side so that each particle appears as a bright 
point of light. 
PORTION OF An uLTRAMICROSCOPE does not magnify more than an ordinary 
ELECTROMAGNETIC SPECTRUM microscope. 
Radio waves 


ultrasonic \,al-tra-'siin-ik\ adj. 
prysics. Referring to high-pitched sound vibrations beyond the 


$ at range of human hearing. They are usually those vibration fre- 
E rei quencies above 18,000 cycles per second, sometimes incorrectly 
A called supersonic. 
* Virgo OF a Some sounds that are uutrasonic for human beings can be de- 
RADIATION tected by such animals as the dog and the bat.” 
+ X-rays 


ultraviolet radiation \,al-tro-'vi-a-lot ,rad-é-'a-shon\ 
puysics. Energetic, invisible rays beyond the violet end of the 
visible spectrum. Ultraviolet radiation occurs in sunlight and 
is produced by certain artificial sources, such as a mercury arc. 
It has a shorter wavelength and a higher frequency than visible 
light and is thought to be a major cause of sunburn. 


Ordinary window glass filters out most of the ULTRAVIOLET RA- 
pIATION in sunlight. 
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umbilical cord 


umbilical cord \,am-'bil-i-kal 'k6(9)rd\ 
1. ANATOMY and zooLocy. In mammals, a tube containing blood 
vessels and connecting the unborn young to the placenta. 2. 
Astronautics. An electrical cable connecting a rocket to its 
launching equipment. It is disconnected just before lift-off. 


Blood in the vessels of the umBILICAL corp carries nourishment 
and oxygen to the embryo and waste products away from it. 


umbilicus \,om-'bil-i-kos\ n. 
ANATOMY and zooLocy. A scar on the abdomen of mammals that 
marks the place where the umbilical cord was attached to the 
unborn young; also called the navel. 


The umBILICUS is formed by the rapid growth of scar tissue, 
which normally turns inward and forms a small depression. 


umbra \'am-bra\ n. n s 
1. ASTRONOMY. The dark, central portion of a planet’s or satel- 
lite’s shadow from which all sunlight is excluded; also, the cen- 
tral, darker region of a sunspot. 2. paysıcs. The dark inner part 
of a shadow that receives no direct light. 


During a total eclipse of the moon, the moon passes through the 
UMBRA Of the earth’s shadow. 


uncertainty principle \,an-'sort-°n-té 'prin( t)-s(a-)pal\ 
puysics. A belief that both the position and the speed of a sub- 
atomic particle, such as an electron or a proton, cannot be de- 
termined at the same time. The belief is based on the fact that 
the process of measuring one characteristic greatly changes the 
other. 


The UNCERTAINTY PRINCIPLE does not seem to limit the measure- 
ment of both speed and position of objects large enough to be 
seen. 


unconformity \,on-kon-'for-mat-&\ n. 
EARTH SCIENCE. The surface between two rock layers or masses 
that represents a period of time during which either erosion took 
place or no sediments were deposited; see disconformity and 
nonconformity. 


The period of time represented by an unconFoRMITY may be 
determined if fossils are found in the rock layers above and 
below it. 


undertow \'an-dor-,t6\ n. 
EARTH SCIENCE. A seaward current beneath incoming waves, 
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caused by the return of water from waves breaking on the shore; 
see rip current. 


Fine rock particles are carried from the shore to deeper water 
by UNDERTOW. 


ungulate \'an-gya-lot\ adj. 
zooLocy. Having hoofs or shaped like a hoof. 


Taxonomists formerly grouped uncuLate mammals into the 
large order Ungulata. 


unicellular \,yii-ni-'sel-yo-lor\ adj. 
sioLocy. Referring to an organism that consists of only one cell. 


Many of the plants making up the surface scum on ponds are 
UNICELLULAR. 


unidirectional \,yii-ni-da-'rek-shnal\ adj. 
puysics. Referring to any motion that proceeds in only one di- 
rection. Unidirectional frequently refers to a direct electric cur- 
rent or to radio waves transmitted in a narrow beam. 


The flow of electric current from a dry cell is UNIDIRECTIONAL. 


uniformitarianism \ yii-no-,for-mo-'ter-6-a-niz-om\ n. 
EARTH SCIENCE. A concept or combination of ideas suggesting 
that the processes now producing changes in the earth’s sur- 
face also occurred in much the same way, although at varying 
rates, in the past. The concept is sometimes summed up by the 
statement, “The present is the key to the past.” 


James Hutton of Scotland first presented the concept of UNI- 
FORMITARIANISM in 1785. 


uniform motion \'yii-no-,form '‘mò-shan\ 
pysics. The movement of an object in a straight line andata 
constant speed. Such movement occurs only when all the forces 
acting on a moving object cancel each other or when there are 
no forces acting. 
Although a rifle bullet may seem to be in a state of UNIFORM 
Motion, air resistance causes it to slow down. 


unilateral \,yii-ni-'lat-o-ral\ adj. 

1. marmematics. One-sided; also, referring to a sheetlike con- 
figuration that has only one surface. 2. BIOLOGY. Produced, or 
arranged, on only one side. 3. mepicine. Affecting only one side 
of the body. 

A line can be drawn from any point of a UNILATERAL sheet, as a 
Mobius strip, to any other point on the surface without cross- 
ing over its edges or without piercing the sheet. 
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un-ionized 


un-ionized \on-'i-o-nîzd\ adj. 
CHEMISTRY and Prysics. Referring to a substance normally com- 
posed of electrically-neutral molecules, as oxygen and sugar. 
An un-ionized substance is distinguished from substances com- 
posed of positive and negative ions, such as salt and most 
crystalline substances; see ion and ionization. 


Any liquid or gas that does not conduct electricity is un-10NIZED. 


uniparous \yü-'nip-ə-rəs\ adj. 
BIOLOGY. Referring to the production of one egg or one offspring 
ata time, 


The unrearous walrus whelps a pup every second year. 


unit cell \'yii-nat 'sel\ 
EARTH SCIENCE. The smallest amount of a crystal lattice which 
has all the features of the mineral from which it is taken, 


A UNIT CELL of halite has four sodium and four chlorine ions. 


unity \'yii-not-é\ n. 
MATHEMATICS. Equal to one, or the same as one. 


The value of a quantity is not changed if it is multiplied by 
UNITY, 


univalent \,yii-ni-'va-lont\ 
1. curmistry. (Adj.). Referring to an atom that gains or loses 
only one electron or that forms only one covalent bond in form- 
ing compounds; also, referring to an ion with an electrical 
charge of +1 or —1; see covalent bond and ion. 2. BIOLOGY 
(N.). An unpaired chromosome during the first division of 
meiosis, 


It is possible for four vnivaLENT atoms of hydrogen to react 
with one atom of carbon that has a valence of four. 


univalve \'yii-ni-,valv\ adj. 
zootocy. Referring to an animal with a one-piece shell. 


Relatives of the univaLve snail include the bivalve clam and 
the shell-less garden slug. 


universal gravitation \,yii-no-'var-sal igrav-9-'ta-shon\ 
PHYSICS. A concept of gravity developed by Sir Isaac Newton. 
His statement says that every particle in the universe attracts 
every other particle with a force directly proportional to the 
product of their masses and inversely proportional to the square 
of the distance between them. 
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The concept of UNIVERSAL GRAVITATION has been useful to as- 
tronomers and other scientists in understanding the motions of 
planets in the solar system. 


universal joint \,yii-no-'vor-sol 'joint\ 
ENGINEERING. A device that connects two rotating shafts that are 
nearly in a straight line. In an automobile, two universal joints 
are used in connecting the drive shaft from the engine to the 
differential on the rear axle. 


A UNIVERSAL JOINT is inefficient if the two shafts it connects 
make an angle of less than 165 degrees with each other. 


universal time \,yii-na-'var-sol 'tim\ 
Another term for Greenwich time. See Greenwich time. 


universe \'yii-no-,vors\ n. 
ASTRONOMY and EARTH SCIENCE. The entire celestial cosmos, ob- 
served or postulated, in which all matter exists and all events 
occur; also, one celestial system, as the Milky Way. 


Some astronomers support the theory of an expanding UNIVERSE, 
while others feel that the available evidence best supports the 
steady-state theory. 


unsaturated \,on-'sach-a-,rat-ed\ adj. 

1. cuemistry. Referring to a substance that can absorb or dis- 
solve more of a second substance than it has already dissolved 
at a given temperature; also, frequently referring to a molecule 
of a compound that contains at least one double or triple co- 
valent bond; see covalent bond. 2. ARTH science. Referring to 
air containing less water vapor than it can normally contain at 
a given temperature. 


A sugar solution that is saturated at 20° C. will be UNSATURATED 
if its temperature is raised to 30° C. 


unsoluble \,an-'sil-ya-bal\ adj. 
cuemistry. Insoluble, See insoluble. 


unstable \,on-'stà-bal\ adj. 
1. cuemistry. Referring to a chemical compound that readily 
decomposes, or breaks down, into two or more substances; also, 
referring to a compound or element that changes its molecular 
or crystal structure to a more permanent form, as ozone (Os) 
changing to oxygen (O2). 2. prysics. Referring to a position 
that is not permanent and that is apt to change. 


Nitroglycerin is very uNstaBLE and may decompose suddenly 
in a violent explosion if jarred or vibrated. 
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unstratified 


unstratified \,on-'strat-a-,fid\ adj. 
EARTH SCIENCE. Referring to rock structures or deposits of loose 
material that do not form in layers or strata. 


Granite, basalt and marble usually occur as UNSTRATIFIED rocks. 


unstriated muscles \,on-'stri-,at-ad 'mos-alz\ 
ANATOMY. Smooth muscles. See smooth muscles. 


uphill orbit \'op-,hil or-bat\ 
Astronautics. That part of a satellite's orbit that carries the UPSLOPE FOG 
satellite farther away from the body around which it is orbiting; 
see downhill orbit. 


A satellite tends to lose speed during UPHILL ORBIT. 


upslope fog \'ap-,slop 'fog\ 
EARTH SCIENCE. A fog formed when moist air cools as it moves 
up a mountain slope or hillside. 
A cloud formation in contact with a mountainside may be an 
UPSLOPE FOG. 
UPWARP 
upwarp \'ap-,wò(a)rp\ n. 
EARTH SCIENCE. An extensive area of the earth’s crust that has 
been uplifted; a broad anticline. 


KRE 
IIIT ee 


arms a wD 


An upware is the result of opposing forces in the earth’s crust. 


uranium \yu-'ra-né-em\ n. 
cuemustry. A metallic element that is radioactive and active 
chemically. It is found in nature combined with oxygen in 
minerals such as carnotite and pitchblende. Uranium has three 
natural isotopes with atomic masses of 234, 235 and 238; see 
isotope. Symbol, U; atomic number, 92; atomic weight, 238.03. 


All atoms of uranium can be split, or fissioned, when their 
nuclei are hit by neutrons traveling at the right speed. 


urea \yu-'ré-a\ n. 


1. rHysioLocy and zooLocy. NHy-CO-NH», The chief nitrogen- URANIUM 

containing compound in urine. Urea is the final waste product ATOM È rd 
from decomposition of protein compounds in the body and is SHELL electrons 
believed to form in the liver from amino acids and the com- =" 2 

pounds of ammonia; also called carbamide. 2. CHEMISTRY. wim i 

NH.CONH;. A white, crystalline substance used in producing o ue 

plastics and in other chemical processes. > x 

urra was the first organic compound to be synthesized in the L 9 


laboratory. 


ureter \yu-'rét-ar\ n. URANIUM 


ANATOMY and zooLocy. In mammals, a duct or tube that carries 
urine from the kidney to the urinary bladder. In some other 
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vertebrates, the ureter is the tube from the kidney to the cloaca. 


The middle muscular layer of the unerer alternately contracts 
and relaxes in forcing urine into the urinary bladder. 


urethra \yi-'ré-thra\ n. 
ANATOMY and zootocy. In mammals, the canal leading from the 
urinary bladder to the outside of the body. 


The male urermma also serves as the spermatic duct. 


urinary bladder \'yùr-o-,ner-6 ‘blad-ar\ 
ANATOMY and zooLocy, A membranous sac located in the front 
part of the pelvic cavity in mammals and serving as a tempo- 
rary storage place for urine. 


The wall of the URINARY BLADDER is elastic. 


urine \'yùr-on\ n. 
pHystoLocY and zooLocy. Waste material secreted by kidneys. 
It is largely an aqueous solution of urea. 


urme is made up of about 96 percent water and 4 percent dis- 
solved wastes. 


U-shaped valley \'yii-,shapd ‘val-é\ 
EARTH SCIENCE. A type of valley formed by the movement of a 
mountain glacier. It has steep walls and a rather flat bottom. 


Waterfalls are common in a U-SHAPED VALLEY, where streams 
flow over the valley walls and join a larger stream in the valley. 


USP 


CHEMISTRY and MEDICINE. An abbreviation for United States 
Pharmacopeia, a publication containing standards for drug 
manufacture established under expert medical supervision. 

In chemistry, usp refers to a chemical with impurities not ex- 
ceeding those specified in the publication. 


uterus \'yiit-a-ros\ n. 
ANATOMY and ZOOLOGY. In the female mammal, the thick- 


walled, hollow, muscular organ in which the young develop 
before birth. The uterus contracts during birth and pushes the 
young through the birth passage. 

The walls of the uterus contain many blood vessels from which 
unborn young receive nourishment through the placenta. 


uvula \'yii-vyo-lo\ n. 
anatomy. A soft, fleshy lobe located above the back, or root, 


of the tongue and projecting down from the soft palate. 
The French “r” sound is produced by breath passing between 
the uvuta and the back of the tongue. 
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vaccination \,vak-sa-'nà-shon\ n. 
MEDICINE. The injection or intake of a vaccine into the body to 
produce immunity to a disease. 


NUCLEUS 


CONTRACTILE 


VACCINATION has nearly eliminated smallpox in some countries. 
VACUOLE 


vaccine \vak-'sén\ n. 
MEDICINE. A suspension of killed or weakened microorganisms, 
of the toxins they produce, or of both, used for the prevention 
or treatment of an infectious disease. 


FOOD 


g 


VACUOLE 
The first vaccine against smallpox, discovered by Dr. Edward (of amoeba) 


Jenner in 1796 in England, is still used effectively. 


VACUOLES 


vacuole \'vak-yo-,wol\ n. 
BIOLOGY. A usually-spherical cavity within the cytoplasm of 
plant and animal cells. It is surrounded by a membrane and 
filled with liquid or solid matter, or both. A vacuole functions in 
digestion, excretion and food storage. 


Food engulfed by an amoeba is digested within a food vacvoLe. 


vacuum tube \'vak-ya(-wa)m 't(y)iib\ 
PHYSICS, A glass or metal container from which most of the air 
has been removed and that is usually used to provide a space 
through which electrons may move freely between metal plates, 
called electrodes, that are mounted inside; see electron tube. 


Such devices as a fluorescent lamp, neon sign or radio tube 
utilize a VACUUM TUBE. 


vagus nerve \'va-gas 'norv\ 
Anatomy. Either of the tenth pair of cranial nerves. They stem 
from the medulla of the brain and branch downward to such 
organs as the heart, bronchi, stomach, pancreas and small in- 
testine. A vagus nerve contains both sensory and motor fibers. 


In the abdomen, the vacus Nerve stimulates gastric and pan- 
creatic secretion. 


valence \'va-lon(t)s\ n. 
CHEMISTRY. A measure of the capacity of an atom of a given 
element to combine with atoms of other elements; also, the num- 
ber of electrons an atom gains or loses in reacting with other 
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atoms or the number of electron pairs the atom shares with other 
atoms in a molecule. 


SODIUM ATOM The fact that copper and sulfur form two different compounds, 
CuS and Cu,S, is evidence that an element may have more than 
one VALENCE. 


valence electron \'va-lon(t)s i-'lek-,tran\ 
cHEMISTRY. Any electron in the outermost shell, or energy level, 
of an atom. Such an electron may be lost or shared in forming 
compounds, 


VALENCE ELECTRON Sodium has only one VALENCE ELECTRON. 


valence number \'va-lon(t)s 'nam-bar\ 
CHEMISTRY. The combining capacity of an atom, determined by 
the number of electrons lost or added, or by the number of pairs 
of shared electrons. 


The VALENCE NuMBER for hydrogen is 1. 


valence shell \'va-lon(t)s ‘shel\ 


VALVE 


(in vein) 


During heartbeat Between heartbeats 


VAN ALLEN BELT 


CHEMISTRY. Those electrons in the outermost shell of an atom. 
A valence shell contains those electrons that are lost or shared 
in forming compounds and may contain from one to eight elec- 
trons, depending on the chemical element. 


The chemical properties of an element can be explained largely 
by the number of electrons in the VALENCE SHELL of its atom. 


valley \'val-é\ n. 


EARTH SCIENCE. A depression in the earth’s surface that may be 
shallow or deep, narrow or wide, and usually contains a stream, 


A vALLEY is most often the result of the erosion or cutting action 


of the stream that flows in it. 


valve \'valv\ n. 


1. anatomy. A structure, such as a membranous fold of tissue 
within an organ or vessel, that prevents backflow of fluid within 
the organ or passage. 2. ENGINEERING. An adjustable mechanical 
device that controls the passage of material, usually liquid or 
gas, through a tube or an opening; also, sometimes, an electron 
tube. 

The bicuspid varve on the left side of the heart allows blood 
to enter the ventricle but prevents backflow when the ventricle 
contracts and forces blood into the aorta. 


Van Allen belt \va-'nal-an ‘belt\ 


ASTRONOMY. A doughnut-shaped radiation belt, consisting of 
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high-energy protons and electrons, that encircles the earth and 
that extends from approximately 400 to 40,000 miles above the 
earth’s surface. The Van Allen belt is least intense above the 
earth’s magnetic poles. 


Radiation in the VAN ALLEN BELT could be a serious danger to the 
passengers in an unshielded spacecraft. 


Van de Graaff generator \'van do ‘graf 'jen-a-,rat-or\ 


puysics. A device used to produce and direct a high-speed 
stream of electrically-charged particles, as electrons or protons, 
at a target for experimental purposes. It usually consists struc- 
turally of a large metal sphere on top of a tube made of insulat- 
ing material; see particle accelerator. 


A one-million-volt van DE GRAAFF GENERATOR can produce X rays 
that will penetrate a five-inch-thick steel plate. 


van der Waals’ forces \'van dar 'wälz 'fō(ə)rs-əs\ 


CHEMISTRY and puysics. Forces of attraction among molecules 
that are considered different from chemical bonds or gravita- 
tional forces. These forces are thought to be the cause of sur- 
face tension in liquids, of resistance to flow in fluids and of the 
departure of some gases from behavior predicted by the ideal 
gas law. 


At ordinary temperatures, VAN DER WAALS’ FORCES between car- 
bon dioxide molecules are too weak to forma solid. 


vapor \'va-por\ n. 


CHEMISTRY. The gaslike substance that evaporates from a liquid 
at temperatures below the boiling point of the liquid. 


Because gasoline varor is denser than air, it can be poured. 


vapor density \'va-por 'den(t)-sat-é\ 


CHEMISTRY and PHYsIcs. A number expressing the weight of a 
given volume of a gas or vapor relative to the weight of the same 
volume of air or hydrogen used as a standard. 


If hydrogen has a density of 2, the varor vENsrry of air is about 
30 and that of pure oxygen is about 32. 


vapor pressure \'va-par 'presh-ar\ 


CHEMISTRY and PHysics. The pressure produced by the vapor 
of a specific liquid when the air holds all the vapor it can; also, 
the pressure of a vapor that is in equilibrium with the liquid 
from which it came or when no apparent evaporation is taking 
place. Vapor pressure increases as temperature increases. 


When the varor pressure of a liquid equals the pressure of the 
atmosphere, the liquid boils. 
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variable \'ver-é-a-bal\ n. 
MATHEMATICS. A symbol that may assume any one of a number 
of values. 


In the equation x + y = 43, x is a VARIABLE and so is y. 


variable star \'ver-é-a-bal 'stàr\ 
ASTRONOMY. A star whose brightness varies, usually at regular 
periods; see cepheid, eclipsing binary, nova and pulsating stars. 


The period of a VARIABLE STAR may range from a few hours to 
600 days or more. 


variable wing \'ver-é-9-bal ‘win\ 
AERONAUTICS. An aircraft wing, the sweepback angle of which 
can be changed by mechanical means while the plane is in the air. 


One kind of varaste wne can be set in forward position for 
maximum lift at relatively-slow speeds, as during takeoff and 
landing, then swept back to reduce wind resistance during high- 


speed flight. 


variation \,ver-é-'a-shon\ n. 

1. sroLocy. The difference in a particular characteristic among 
the offspring of a certain species or between offspring and their 
parents. 2, EARTH science. The angle between the direction a 
compass needle points, or magnetic north, and true north; see 
magnetic declination and agonic line. 3. MATHEMATICS. A rela- 
tionship between two variables in which a change in one vari- 
able produces a corresponding change in the other. 


The degree of variation among human beings exists to the 
same degree among other animals and among plants. 


variety \vo-'ri-at-é\ n. 
sIOLOGY. An indefinite subdivision of a species, usually identi- 
fiable by one or more characteristics, such as color and disease 


resistance. 
Pink and seedless are each a variety of grapefruit. 


varve \'värv\ n. 
EARTH SCIENCE. A sedimentary deposit made up of pairs of thin 
layers. The lower layer is a coarse, sandy material, and the other 
layer is a fine silt or clay material. Each pair of layers repre- 
sents the sediment deposited in a lake in one year. 


The lower layer of varve is deposited during the spring and 
summer months when the volume of water flowing into a lake 


is greatest. 
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vascular system \'vas-kyo-lar 'sis-tom\ 
ANATOMY and BIOLOGY. Any arrangement of vessels that allows 
flow or circulation of liquids in an organism, as the xylem and 
phloem tissues in ferns and seed plants, and the blood vessels 
and lymphatic vessels in vertebrate animals. 


The vascuLaRr system in a tree permits the flow of water and 
minerals taken in through the roots and of food manufactured 
in the leaves and stems. 


vasomotor reflexes \,vas-6-'mGt-or 'ré-,fleks-as\ 
PHYSIOLOGY. Nerve reactions that control the contraction or dila- 
tion of blood vessels. 


Excitement or anger may stimulate VASOMOTOR REFLEXES. 


vasopressor \,vas-6-'pres-ar\ 
MEDICINE. An agent that raises blood pressure. 


A vasorressor may be a drug that causes the blood vessels to 
contract slightly. 


vector \'vek-tor\ n. 

1. puysics. A quantity having both direction and magnitude 
(amount), such as a force or a velocity. A vector differs from a 
scalar quantity in that a scalar quantity has magnitude but no 
direction. 2. MATHEMATICS. A line segment that has direction 
and magnitude. 3. MEDICINE. An organism, often an insect, that 
carries disease-producing organisms from one host to an- 
other, 


A vector usually is represented by an arrow pointing in the di- 
rection of its action and having a length proportional to its mag- 
nitude. 


vegetable \'vej-ta-bal\ n. 
BOTANY. A general term for herbaceous plants, or parts of plants 
grown for food. 


The carrot is a VEGETABLE valued for its high vitamin A content. 


vein \'van\ n. 
1. anatomy and zooLocy. Any of the blood vessels that return 
blood from the lungs or body tissues to the heart. 2. BoranY. A 
bundle of xylem and phloem tissue in a leaf. 3. EARTH SCIENCE. 
A mineral deposit in a fissure, or crack, in a rock or rock forma- 
tion; also, a zone of ore in a rock formation. 


Blood from a ven is darker red than is blood from an artery. 
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velocity \va-'lis-at-é\ n. 
puysics. The speed and direction of a moving object; also, some- 
times, the number of degrees a rotating or revolving object turns 


Vein of head A 
in one second (angular velocity). 
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If the vevoctry of an object is changed, the object is said to be 
accelerated. 
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vena cava \'va-no-'kiv-a\ 
anatomy. The large abdominal vein (the inferior vena cava) 
that carries blood from organs below the diaphragm back to the 
heart; also, the large vein above the heart (the superior vena 
cava) that carries blood back to the heart from the head, neck 
and upper extremities. 


Blood from a vena cava vein empties into the right side of the 
heart. 


venation \va-'na-shon\ n. 
BioLocy. The arrangement of veins in a leaf. Venation may be 
parallel from base to tip, as in grass, or a net pattern, as in the 
blade of a maple leaf; also, the pattern of veins in insect wings. 


(MAPLE) 
Leaf venation not only provides pathways for water, minerals 
and food but also provides resistance to tearing. 


ventifact \'vent-a-fakt\ n. 
EARTH SCIENCE. A stone with surfaces shaped by the abrasive 


action of wind-blown sand. 


VENATION 


A ventieacr is usually found in sandy desert areas or along 
beaches. 


ventral \'ven-tral\ adj. 
anatomy and BIOLOGY. Referring to the underside, or lower sur- 


face, of an organism or structure. 


Hair on the ventRAL surface of a field mouse is usually lighter 
than hair on the dorsal surface. 


ventricle \'ven-tri-kal\ n. 


GASOLINE anatomy and zooLocy. Either of the two lower chambers of the 
FROM heart; also, any one of the four cavities within the brain that 
MORE contain cerebrospinal fluid. 

CHAMBER 


In mammals, the right ventRIcLE pumps blood only to the lungs, 
while the left ventricle pumps blood to the rest of the body. 


VENTURI TUBE 

(in automobile carburetor) venturi tube \ven-'tu(a)r-é 't(y)üb\ 
ENGINEERING and puysics, A hollow tube, narrower at the middle 
than at the ends. As gas or liquid flows through the tube, it ex- 
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erts less sideways pressure in the narrow middle section than it 
does near the ends. In application, the reduced sideways pres- 
sure may be used to calculate the rate of fluid flow or to cause 
fluids to be forced into the stream of gas or liquid; see Bernoul- 
lis principle. 


An automobile engine carburetor uses a VENTURI TUBE to mix 
gasoline vapor with air. 


venule \'ven-(,)yii(a)l\ n. 


ANATOMY and zooLocy. Any small vein formed by a junction 
of capillaries. 


Blood flow in a venvLE is faster than in a capillary but slower 
than in a vein. 


verifier \'ver-a-,fi(-)r\ n. 


ENGINEERING. A mechanical device for checking the accuracy 
with which data has been recorded on magnetized tape or by 
key punch. 


A VERIFIER can compare data on punched cards with that pre- 
viously recorded on collection sheets. 


vermiform appendix \'var-mo-,form ə-'pen-diks\ 


anatomy, A worm-shaped pouch attached at its open end to 
the lower side of the first part of the large intestine. It is nor- 
mally from three to four inches long and serves no known func- 
tion, 


Tf an infected veRMiroRM APPENDIX is not removed, it may rup- 
ture and spread infection throughout the abdomen. 


vernal equinox \'vorn-°l 'ē-kwə-,näks\ 


ASTRONOMY. The time of year when the sun appears directly 
overhead at noon to an observer at the earth’s equator; also, the 
point at which the ecliptic and the celestial equator intersect, 
the sun being at this point in the heavens on approximately 
March 21; see equinox. 


At the time of the VERNAL EQUINOX, nights and days are of equal 
length everywhere on earth. 


vernier scale \'var-né-ar 'skal\ 


MATHEMATICS. A short, graded auxiliary scale that slides along 
a longer main scale of a measuring instrument so that fractional 
subdivisions can be read more accurately. 


A VERNIER SCALE is commonly used to read a barometer. 
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vertebra \'vort-a-bra\ n. 
ANATOMY and zooLocy. Any of the bones that make up the back- 
bone or spinal column of vertebrate animals. They are usually 
separated by elastic, cartilaginous disks, and each vertebra con- 
tains an opening through which the spinal cord passes. 


The axis is an important verteBRA used in turning the head. 


vertebrate \'vort-a-brot\ adj. 
zooLocy. Referring to any organism having a backbone com- 
posed of vertebrae. Vertebrate animals include fish, amphibians, 
reptiles, birds and mammals. 


VERTEBRATE animals are called higher animals because of their 
complex body structures and well-developed nervous systems. 


vertex \'vor-,teks\ n. 
MATHEMATICS. The point that the two sides of an angle have in 
common; in general, the common intersection of two or more 
lines, whether or not they lie in the same plane. 


The altitude of a cone is the perpendicular distance from its 
VERTEX to its base. 


vertical angles \'vart-i-kol 'an-galz\ 
MATHEMATICS. Two nonadjacent angles formed when two lines 
or two planes intersect. 


If two straight lines intersect, the verticaL ANGLES formed are 
equal. 


vertical circle \'vart-i-kal 'sar-kal\ 
ASTRONOMY. An imaginary circle that passes through an ob- 
server's zenith (the point directly overhead) and that is per- 
pendicular to the horizon, Vertical circles are used in locating 
the positions of celestial objects. 


The verticAL cIRcLE that passes from due north to due south is 
called the celestial meridian. 


vertical fault \'vort-i-kol 'folt\ 
EARTH SCIENCE. A fracture of the earth's crust in which the fault 


plane is perpendicular, or nearly so. 
The uplift of a block of the earth’s crust may result in a VERTICAL 
FAULT. 


vesicle \'ves-i-kal\ n. 
1. ANATOMY and zooxocy. A small cavity or sac, usually filled 
with fluid. 2. soranv. A small, air-filled chamber within a tissue. 


3, EARTH SCIENCE. A small pocket or cavity found in some igne- 
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vestigial structure 


ous rocks, formed by the expansion of gas at the time the rock 
was formed. 


A seminal vesictx in an earthworm contains stored sperm cells. 


vestigial structure \ve-'stij-(3-)al 'strok-chor\ 
BIOLOGY. An organ or part of an organism that serves no known 
useful function but that represents an essential organ or part in 
some related organism. 


While the appendix is a useless VESTIGIAL STRUCTURE in man, it 
is necessary to the digestive system of a rabbit. 


veterinary medicine \'vet-a-ran-,er-€ 'med-a-son\ 
MEDICINE, A special branch of medicine, dealing with the diag- 
nosis and treatment of the diseases and injuries of domestic ani- 
mals. 


VETERINARY MEDICINE has controlled epidemic diseases in ani- 
mals through inoculations. 


viable \'vi-a-bal\ adj. 
BIOLOGY. Referring to an organism that is alive and able to con- 
tinue to live in a normal manner. 


A seed planted after several years of storage may still be vige. 


video frequency \'vid-é-,6 'fré-kwan-sé\ 
ENGINEERING. Any radio wave used to transmit the picture por- 
tion of a telecast. Video frequencies in the United States and 
Canada are 50 to 88, 174 to 216 and 470 to 890 megacycles per 
second. 


Any vmeo FREQUENCY used by channels 2 through 13 must be 
in the vhf (very high frequency) range, or less than 216 mega- 
cycles per second. 


villi \'vil-,i\ n. 
ANATOMY. Small, fingerlike projections on the inside lining of 
the small intestine. Villi function as absorption surfaces for di- 
gested food in the intestine. 


VILLI greatly increase the surface area of the lining of the small 
intestine. 


vinyl plastic \'vin-°l 'plas-tik\ 
CHEMISTRY. A class of plastic materials that soften when heated; 
any polymer whose molecules contain many vinyl groups 
(CH,=CH— ). 


A VINYL PLASTIC such as polyvinyl chloride is resistant to most 
common chemicals. 
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viosterol \vi-'is-ta-,ròl\ n. 
CHEMISTRY. One of the D vitamins. 


VIOSTEROL may help prevent rickets in infants. 


virtual image \'varch-(a-)wol 'im-ij\ 
pHysics. An image that can be seen but that cannot be projected 
on a screen. A virtual image is formed by light that seems to 
come from a place that it does not come from and is distin- 
guished from a real image that can be projected on a screen. 


When looking into a flat mirror, one sees a VIRTUAL IMAGE that 
seems to be located behind the mirror. 


virulent \'vir-(y)o-lont\ adj. 
BIOLOGY and MEDICINE. Referring to extremely pathogenic mi- 
croorganisms, usually bacteria or viruses, that rapidly break 
down the natural defenses of a host organism; also, referring to 
a disease or infection caused by such organisms. 


The virus that causes poliomyelitis is often VIRULENT. 


virus \'vi-ras\ n. 

BIOLOGY and MEDICINE. A noncellular, submicroscopic particle 
that lives in the cells of plants and animals. A single virus con- 
sists of a nuclear protein core surrounded by protein and may 
be an intermediate form of matter between the living and non- 
living. i 
Outside a cell, a virus may form part of an apparently-nonliving 
crystal, while within a cell it may reproduce, as do living organ- 
isms. 


viscera \'vis-(o)ra\ n. 
anatomy and zooLocy. All the organs contained in the chest 
and abdominal cavities. 


The viscera include such organs as the lungs, heart, kidneys, 
stomach, liver and intestines. 


viscose \'vis-,kos\ n. 
cuemistry. A syruplike liquid produced by chemical treatment 
of cellulose fibers. Viscose may be made into fibers (rayon) or 
into thin sheets (cellophane). 


Rayon fibers are formed by forcing viscose through small pin- 
holes into a dilute solution of sulfuric acid. 


viscosity \vis-'kas-at-é\ n. 
cuemusrry and prysics. Resistance to flow or an apparent force 
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visible spectrum 


that prevents fluids from flowing easily. Viscosity is especially 
noticeable in such liquids as oil and syrup. 


The viscosrry of most liquids is decreased by increasing their 
temperatures. 


visible spectrum \'viz-a-bal 'spek-tram\ 
PHYSICS. An array of those wavelengths (colors) of electromag- 


netic radiation that can be seen by man. It is composed of wave- Motor oil Meter ail i 
above A 


lengths between 3,900 angstroms (violet) and 7,000 angstroms gece esi 


(red). 


Radiation from the sun includes some wavelengths that are not 
in the visere specrRUM but that may be detected by man as 
heat. 


visual angle \'vizh-(9-)wol 'an-gol\ 


È ; , HIGH Low 
ASTRONOMY. The apparent size of a celestial object as measured VISCOSITY VISCOSITY 
by the angle formed between light rays coming from the ex- 
tremities of the object to the eye. D 


Since the moon, although smaller, is nearer the earth than the VISCOSITY 


sun, both the moon and the sun have a visuAL ANGLE of about 
Ye degree. 


visual binary \'vizh-(a-)wol 'bi-no-ré\ 
ASTRONOMY. A pair of stars, called binary stars, that are far 
enough apart to be observed through a telescope as separate. 
As in the case of all binary stars, the two stars revolve around 
a common center of mass under the influence of mutual gravi- 
tational attraction; see binary stars, 


By the use of relatively-large telescopes with adequate resolving 
power, Sirius and its companion star can be observed as a visvaL 
BINARY. 


visual purple \'vizh-(9-)wol 'por-pal\ 
PHYSIOLOGY and zooLocy. A reddish-purple, photosensitive pig- 


138 


ment found in the rods of the retina; also called rhodopsin. 


The cones of the retina contain a pigment called iodopsin that 
is similar to VISUAL PURPLE. 


vitamin \'vit-o-mon\ n. 


BIOLOGY. Any of a large number of organic substances present 
in small quantities in plant tissues and necessary to normal nu- 
trition and the well-being of organisms. Vitamins are manufac- 
tured by plants but must be ingested by animals. 


Thiamine, a vitamin found in the seed coatings of rice and 
other plants, is essential to the health of the nervous system of 
animals. 
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vitreous \'vi-tré-as\ adj. 
1. cuemistry. Referring to any substance that has glasslike 
characteristics; also, sometimes, referring to a solid substance 
composed of such small crystals that it appears to be noncrys- 
talline. 2. EARTH science. Referring to minerals such as quartz 
and calcite that have a glasslike luster. 
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vitreous humor \'vi-tré-as ‘hyii-mer\ 
anatomy. The clear, jellylike substance that fills the cavity in 
the eyeball between the lens and the retina. 


In man, the vrrreous Humor makes up about 4 of the total 
volume of the eyeball. 


vivarium \vi-'var-é-em\ n. 
BIOLOGY. A small enclosure, usually with glass sides, in which 
small living plants, animals, or both, are maintained; an aquar- 
ium or terrarium. 


Special temperature and humidity controls may be necessary 
for a tropical-animal vivarium. 


VIVARIUM viviparous \vi-'vip-(a-)ras\ adj. 
zooLocy. Referring to the reproductive pattern in which young 
are born alive instead of hatched from incubated eggs; see 


oviparous. 


All mammals are viviparous. 


Vocal cords relaxed so that air vivisection \,viv-a-'sek-shon\ n. 
passes them without producing sound MEDI and PHYSIOLOGY. The process of operating on live ani- 


mals to acquire pathological or physiological information. 


yivisecrion has yielded knowledge valuable in the medical diag- 
nosis and treatment of human disease. 


vocal cords \'võ-kəl 'kó(ə)rdz\ 
ANATOMY. Either of two pairs of folds in the larynx, consisting 
of white, fibrous bands. The lower pair produces sounds when 
vibrated by air passing between the folds. 


Voice pitch is controlled by the tension of the VOCAL CORDS. 


Cords tensed so they vibrate 


and produce sound, as in speech È A ; 
VOCAL CORDS vieweD volatile \'vil-at-°]\ adj. 
THROUGH LARYNGOSCOPE cuemistryY. Referring to a substance that evaporates readily at 


ordinary temperatures. 


Ether, a highly-voLaTLe compound, is used as an anesthetic. 
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volcanic cone 


volcanic cone \val-'kan-ik 'kòn\ 
EARTH SCIENCE. A cone-shaped mound built by volcanic erup- 
tion and composed of deposits of cinders, of lava or of both; see 
cinder cone and shield volcano. 


The shape of a voucantc cone is determined by how fast and 
how long the volcano erupts and the kind of material ejected. 


volcanic neck \val-'kan-ik 'nek\ 
EARTH SCIENCE. A plug or column of solidified lava that fills the 
main vent of an extinct volcano. 


A VOLCANIC NECK may be exposed because of differing rates of 
erosion of the neck itself and the rock material that surrounds it. 


volcano \val-'ka-(,)nd\ n. 
EARTH SCIENCE. An opening or vent in the earth’s surface 
through which molten rock is flowing or has flowed; also, some- 
times, both the vent and the cone surrounding it. 


A vorcano may begin with a violent explosion or with lava 
flowing quietly from the earth. 


volt \'valt\ n. 
PHYSICS. A unit of electrical force equal to that amount of elec- 
tromotive force that will cause a steady current of one ampere 
to flow through a resistance of one ohm; see potential difference, 
ohm, electromotive force and ampere. 


An ordinary flashlight cell produces a potential difference of 
more than one vour. 


voltage \'vol-tij\ n. 
PHysIcs, The amount of electromotive force, measured in volts, 
that exists between two given points; see volt. 


In order to cause a spark to jump between two points one inch 
apart in air, there must be a vorace of more than 25,000 volts 
between them. 


voltage regulator \'vol-tij 'reg-yə-,lāt-ər\ 
ENGINEERING and pHysics. A device that produces a nearly-con- 
stant electrical voltage, even though the source of electrical 
power may have a varying voltage. 


A VOLTAGE REGULATOR in an automobile controls the generator 
voltage used to charge the storage battery. 


voltaic cell \väl-'tā-ik 'sel\ 
CHEMISTRY and PHysIcs. A device that produces electricity from 
chemical reactions. In simple form, it consists of two plates of 
different metals partly submerged in a liquid (electrolyte) that 
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conducts an electric current. Electricity is obtained from the 
cell by using a wire to connect the dry parts of the metal plates. 


A vourac CELL can be made by placing a silver spoon and an 
iron nail (not touching) in a glass half full of vinegar. 


voltameter \vol-'tam-at-ar\ n. 
CHEMISTRY and PHYSICS, A device used to measure the amount 
of electric current that passes by a given point, as distinguished 
from a voltmeter, which measures potential difference. It uti- 
lizes a chemical reaction, such as the plating of metal from a 
solution or the breakdown of water (electrolysis) into hydro- 
gen and oxygen, and measures the product of the reaction. 


In a gas voLTAMETER, glass tubes are used to collect and meas- 
ure the gas produced by electrolysis. 


volt-ampere \vol-'tam-,pi(a)r\ n. 
ENGINEERING and puysics. A unit of measure for alternating elec- 
tric currents. It is approximately the same as a watt; see watt. 
In dealing with direct current, a voLt-aMPERE and a watt are 
the same. 


voltmeter \'vélt-,mét-ar\ n. 
pHysics. An instrument used to measure the difference in elec- 
trical potential (voltage) between two points; see potential dif- 
ference. 
If two objects are equally charged, a voutmerer will register 
zero potential difference when connected to them. 


volume \'viil-yom\ n. 
1. MATHEMATICS and prysics. The space taken up by a solid, 
liquid or gas, measured in cubic units. 2. ENGINEERING and PHY- 
sics. The loudness of a series of sounds, or the intensity of an 
electrical signal in an electronic device that produces sound. 
The voume of a box 4 inches long, 3 inches wide and 2 inches 
deep is 24 cubic inches. 


voluntary muscles \'vil-an-;ter-é 'mas-alz\ 
Anatomy. The muscles of the body normally subject to conscious 
control, such as the skeletal muscles; see striated muscles, 
In a reflex action, VOLUNTARY MUSCLES may function involun- 
tarily. 

V-shaped valley \'va-shapt 'val-é\ 
EARTH SCIENCE. A depression or gorge with relatively-steep sides 
and a narrow floor, whose cross section resembles the letter V. 
It is the product of a downcutting stream. 
The Grand Canyon is a v-suareD VALLEY that, in some places, is 
15 miles wide and over a mile deep. 
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waning moon \'wan-iy 'miin\ 
ASTRONOMY. The moon as seen from the earth during the period 
between full moon and new moon; see waxing moon. 


The crescent of the wanING Moon becomes thinner as the moon 
approaches the phase of new moon. 


warm air mass \'wò(ə)rm 'a(ə)r 'mas\ 
EARTH SCIENCE. A large body of air that is warmer than the sur- 
face over which it passes or is warmer than nearby air masses. 


Low clouds and rain usually accompany the arrival of a warm 
AIR MASS, 


warm-blooded \'w6(a)rm-'bled-ad\ adj. 
zooLocy. Referring to animals whose body temperatures remain 
fairly constant and are often higher than the usual temperatures 
of their environments; also called homoiothermic. 


Mammals and birds are warM-BLOODED, while fish, reptiles and 
amphibians are cold-blooded. 


warm front \'wò(a)rm ‘frant\ 
EARTH SCIENCE. The gently-sloping boundary layer between an 
advancing warm air mass and an air mass of lower tempera- 
ture. 


Cirrus clouds followed by lower stratus clouds often indicate 
an approaching WARM FRONT. 


warping \'wò(a)rp-in\ n. 
EARTH SCIENCE. The bending of a large area, normally involving 
hundreds of square miles of the earth’s crust, by massive and 
gradual underground pressures. Warping may elevate or lower 
broad areas over long periods of time. 


The presence on land of large areas of sedimentary rock con- 
taining marine fossils often indicates that wareinc has raised 
the land from the sea. 


water \'wot-ar\ n. 
CHEMISTRY. H:O. In its pure form, and at temperatures between 
0° C. and 100° C., an odorless and tasteless liquid. It is a com- 
pound of hydrogen and oxygen that will dissolve many other 
substances. Its freezing point is 0° C. and its boiling point 
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100° C. Water weighs one gram per cubic centimeter at 4° C. 
ie SE on earth as a liquid, gas (water vapor) and solid 
ice). 


In order for any planet to sustain life as we know it, it must have 
a supply of WATER. 


water clock \'wòt-ar ‘klak\ 
ENGINEERING. A device that measures time by the flow of water. 


People in ancient civilizations used devices like the water 
cLocx and sundial to measure time. 


water cycle \'wot-ar 'si-kal\ 
EARTH SCIENCE. The constant process in which water evapo- 
rates from the surface of oceans, lakes, ground plants and ani- 
mals, rises in the atmosphere, condenses and falls back to the 
earth in the form of precipitation. 


The sun is the source of energy that maintains the earth’s WATER 
CYCLE. 


water gap \'wot-or 'gap\ 
EARTH SCIENCE. A pass through a mountain ridge cut by a 
stream flowing across the land as the mountain was formed. 


In mountainous areas, roads and railroads are often built along 
the stream in a WATER GAP. 


water gas \'wot-or 'gas\ 
CHEMISTRY. A mixture of gases produced by forcing steam 
through very hot coke or coal. It is a mixture of carbon monoxide 
and hydrogen with small amounts of nitrogen and carbon diox- 
ide and is sometimes used as a fuel for heating and cooking. 


The heat value of water cas is frequently increased by adding 
hydrocarbon gases, such as butane and propane. 


water glass \'wot-ar 'glas\ 
CHEMISTRY. A solution of sodium silicate and water that forms 
a thick, viscous liquid used in making detergents and adhesives 


and for fireproofing fabrics. 


WATER GLASS has been used to preserve eggs by coating the shell 
and sealing the pores. 


water injection \'wot-or in-'jek-shon\ 
AERONAUTICS and ENGINEERING. The introduction of water into 
the fuel and air mixture of certain internal combustion engines, 
resulting in increased power or thrust. In piston-type engines, 
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water of crystallization 


it results in a cooling of the compressed fuel-air mixture, and in 
jet engines, it also increases the mass of the escaping gases, thus 
increasing thrust. 


The engines of many jet aircraft are equipped with WATER 1N- 
JECTION to increase thrust and make possible the use of shorter 
runways for takeoffs. 


water of crystallization \'wot-ar av ,kris-to-la-'za-shan\ 
CHEMISTRY. The water that is combined in many, but not all, 
crystals, It can be removed by heating. When removed, the 


a A È OCEAN WATER PRESSURE 
crystal loses its apparent crystalline properties and has the ap- DEPTH sesta — 
pearance of a powder; also called water of hydration. 1 MILE 2280 Ibs./in® 

2 MILES 4560 Ibs./ 


A substance containing WATER OF CRYSTALLIZATION in a formula S Mies 6840 Ibs./ 
is usually represented by a dot separating the substance from 4 mues 9120 Ibs. /in. 
the water it contains, such as FeSO;:7H,0 and CuSO,:5H,0. 5 MILES 111,400 lbs, /in.” 


6 MILES 13,680 Ibs, 


OCEAN FLOOR 


water of hydration \'wot-ar ov hi-'dra-shan\ 
CHEMISTRY. Water of crystallization. See water of crystalliza- 
tion, 


water pressure \'wot-or 'presh-ar\ 
ENGINEERING and prysics. The force exerted by water on a given 
area of an object, depending on the depth of the water. It is 
measured in such units as pounds per square inch. 


Under the sea, WATER PRESSURE increases at a rate of 1.14 tons 
per square inch for every mile of depth. 


watershed \'wot-or-,shed\ n. 
EARTH SCIENCE. The entire drainage region that supplies water 
to a lake or river; also called drainage basin. 


Dams and reservoirs constructed in a nearby WATERSHED are 
used as water sources for some cities. 


water softening \'wot-or 'sof-(a-)nin\ -å ns bla —. 
cHEMISTRY. The chemical treatment of hard water so that it WATERSHED = SS 
will form suds with soap more easily. Water softening involves ZERI in — 
removal or inactivation of calcium and magnesium ions from DPEN 


the hard water. 


WATER SOFTENING may be done by removing calcium and mag- 
nesium ions or by adding chemicals, such as washing soda and 
borax, that react with the calcium and magnesium ions. 


waterspout \'wot-or-,spaut\ n. 
EARTH SCIENCE. A funnel-shaped cloud, or tornado, that occurs 
over a body of water. The cloud develops from a cumulonimbus 
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wave 


and may extend to the water surface, drawing water droplets 
up into the cloud. 


A watenrsrout is more likely to occur in the tropics than in the 
temperate and frigid zones. 


water table \'wot-or 'ta-bal\ 
EARTH SCIENCE, That level beneath the ground surface below 
winds which ground water fills all spaces and saturates all permeable 
È i matter. A water table is variable and uneven but is generally 


; Ai { È 35 parallel to the ground surface. 


(hen 


A body of water develops at the point where a WATER TABLE 
meets the ground surface. 


water vapor \'wot-or 'vā-pər\ 
EARTH SCIENCE. Water in the gaseous state. It is an important 
part of the atmosphere, The amount suspended in the atmos- 
phere varies with temperature, since warm air can hold more 
than cooler air; see relative humidity. 


WATER TABLE As warm, moist air rises and is cooled, it loses its WATER VAPOR 

through condensation. 

been wei kg nr 

È > watt \'wät\ n. 

puysics. A unit of power equal to 1/746 horsepower or one joule 
per second. It is used in both electricity and mechanics. In elec- 
tricity, it is the power produced when one ampere of current 
flows between two points that have a potential difference of 
one volt. 


The work done by one warr acting for one hour is called a watt- 
hour. 


watt-hour \'wiit-'ai(a)r\ n. 
puysics. The total amount of energy used in one hour by a de- 
vice that uses one watt of power for continuous operation, 


Electrical energy is usually sold by the warr-nour or the kilo- 
watt-hour (1,000 watt-hours). 


AMPLITUDE wave \'way\ n. 


1. puysics. A disturbance that passes through or over a given 
medium but that causes no permament change in the medium 
or in its position. The term is often used in describing sound, 
baa tag | ss) light, alternating electric current and mechanical disturbances. 
2. EARTH SCIENCE. A disturbance caused by earthquakes or man- 
made explosions that travels through the earth in two principal 

WAVE forms, compressional waves and transverse waves. 


A wave is usually considered to have velocity, amplitude and 
length. 


145 


146 


wave crest 


wave crest \'wav 'krest\ 
EARTH SCIENCE and prysics. That part of a wave in which the 
disturbance is most intense in a positive direction; also, in a 
water wave, that part that is highest above the normal surface 
of the water. 


The distance between a wave crest and the normal surface of 
the water is called the amplitude of the wave. 


waveform \'way-,fo(a)rm\ n. 
ENGINEERING and puysics. A shape or line that usually follows 
a cyclic curve and that represents the condition of some medium 
through which waves are passing, at one instant of time. 


The pattern that appears on a graph when alternating electrical 
current is plotted (amplitude against time) is a regularly-re- 
peated WAVEFORM. 


wave frequency \'wav 'fré-kwan-sé\ 
PHYSICS. The number of waves that pass a given point in a given 
time, usually expressed in cycles (waves) per second. 


The wave FREQUENCY of any wavelike disturbance is equal 
to its speed divided by its length. 


wave front \'wav ‘frant\ 
EARTH SCIENCE and puysics. The leading edge of a wave. 


A wave caused by dropping a stone in water has a WAVE FRONT 
that is an expanding circle. 


wavelength \'wàav-,len(k)th) n. 
puysics. The distance between two successive waves, usually 
measured from one wave crest to the next. Wavelength is equal 
to the velocity of a wave divided by its frequency. 


The waveLENGTA of light is frequently measured in angstrom 
units (one meter equals 10,000 million angstroms). 


wave mechanics \'wav mi-'kan-iks\ 
puysics. A theory in which subatomic particles, such as elec- 
trons and protons, are pictured as having wave properties. 


Electrons exhibit wave characteristics that have been explained 
only in terms of WAVE MECHANICS. 


wave period \'wav 'pir-é-ad\ 
puysics. The time interval between the beginning of one wave 
and the beginning of the following wave. 


One wave PERIOD is equal to one divided by the wave frequency. 
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wave theory of light \'wav 'thé-a-ré əv ‘Tit\ 
PHYSICS. A theory that pictures light and other electromagnetic 
radiation as having the characteristics of wave motion. 


The wave THEORY oF LIGHT has been used successfully in ex- 
plaining refraction and interference of light. 


wave train \'wav 'tràn\ 
PHYSICS. A series of waves, each of which has the same proper- 
ties of velocity, intensity (amplitude) and length. 


A wave TRAIN can be sent along a rope by rapidly shaking one 
end of the rope back and forth. 


wave trough \'wav 'tròf\ 
EARTH SCIENCE and PHYSICS. That part of a wave in which the dis- 
turbance is greatest but in a direction opposite to the crest of 
the wave; also, in a water wave, that point that is farthest below 
the normal water surface. 


A WAVE TROUGH occurs in a wave train midway between two 
successive wave crests. 


wax \'waks\ n. 

CHEMISTRY. Any one of many compounds, or mixtures of com- 
pounds, that are insoluble in water. Wax has a glossy appear- 
ance and melts or softens at temperatures between 40° C. and 
90° C. It is a complex mixture of compounds of carbon, hydrogen 
and oxygen and may be obtained from petroleum, plants or 
animals. 

Carnauba wax, widely used in furniture and floor polishes, 
is obtained from the leaves of a South American palm 


tree. 


waxing moon \'wak-siy 'miin\ 
ASTRONOMY. The moon as seen from the earth during the period 
between new moon and full moon; see waning moon. 


The crescent of the waxiNc Moon becomes thicker as the moon 
approaches the first-quarter phase. 


weather balloon \'weth-or bə-'lün\ 
EARTH SCIENCE. A lighter-than-air apparatus designed to carry 
instruments and radio equipment into the upper air; see radio- 
sonde. 
Information obtained by use of a WEATHER BALLOON is used in 
long-range weather forecasting. 
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weathering 


weathering \'weth-a-rin\ n. 
EARTH SCIENCE. The disintegration and decomposition of rocks 
and minerals by mechanical and chemical processes. 


The freezing of water in small cracks in rocks is one cause of 
mechanical WEATHERING. 


weather map \'weth-or 'map\ 

EARTH SCIENCE. A map of a large area on which the following 
data are usually plotted: pressure, temperature, dew point, visi- 
bility, wind direction and speed, cloud types and height of cloud 
base, present weather, weather during the past six hours, and 
pressure changes during the past three hours. Weather bureau 
maps are plotted every six hours and then analyzed and used 
for weather forecasting. 


Rocks broken 
by pressure of 
freezing water 


The daily weATHER mar that appears in many newspapers is 
not so complete as an official weather bureau map, but it does 
show the major weather conditions affecting the area. 


weather satellite \'weth-ar 'sat-9l-.ît\ 
ASTRONAUTICS and EARTH SCIENCE. An artificial earth satellite 
designed to photograph weather conditions on earth and relay 
the pictures back to the earth; see satellite. 


The world's first weaTHER SATELLITE, Tiros I, was launched by 
the United States in April 1960. 


weight \'wat\ n. 
puysics. The amount of gravitational force acting on a body, 
measured in absolute units of force, as pounds, or gravitational 
units of force equal to the mass of the body, as pounds-weight. 


The weicur of an object on the moon would be one-sixth its 
earth weight. 


weightlessness \'wat-las-nas\ n. 
ASTRONAUTICS. Zero gravity. See zero gravity. 


TIROS | 


weld \'weld\ v. 
ENGINEERING. To join two pieces of metal, either by placing 
molten metal between the pieces to be joined and allowing it to WEATHER SATELLITE 
cool and solidify or by partially melting the pieces and pressing 
them together. 


Much research has been conducted to find a good method to 
WELD aluminum and steel. 


Weston cell \'wes-tan 'sel\ 
puysics. A device that produces a constant voltage (potential 
difference) from a given combination of chemical reactions. It 
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TEMPERATURE 


LE 
RED CORPUSCLES 


white corpuscle 


is used as a laboratory standard for comparison with unknown 
voltages and produces 1.018636 volts at 20° C. 


The voltage of a weston CELL is not greatly affected by small 
temperature changes. 


wet-bulb temperature \'wet-balb 'tem-por-,chi(a)r\ 
EARTH SCIENCE. Temperature as indicated on a thermometer that 
has a piece of wet cloth around its bulb. By comparing this 
temperature with the dry-bulb, or standard thermometer, tem- 
perature and using appropriate tables, the relative humidity 
can be determined; see hygrometer and psychrometer. 


WET-BULB TEMPERATURE is less than dry-bulb because of the 
cooling effect of evaporating water. 


wet cell \'wet 'sel\ 
puysics. A device for producing electrical energy from chemi- 
cal reactions. In a simple form, it is constructed of two plates 
(electrodes) of different metals partly submerged in a liquid 
solution that conducts electricity. 


If a copper plate and a zine plate are used as electrodes in a 
WET CELL, the copper is always positive and the zinc negative. 


wetting agent \'wet-in 'a-jant\ 
cuemistry and puysics. Any substance that decreases the sur- 
face tension of a liquid in which it is dissolved; see detergents 


and surface tension. 


Antifreeze, which contains a WETTING AGENT, alcohol, may leak 
from a radiator that is otherwise watertight. 


white \'hwiît\ adj. 
paysics. Referring to the color of an object that reflects all colors 
(wavelengths) of light equally well; also, referring to the color 
of direct sunlight at noon on a clear day; also, sometimes, re- 
ferring to sound that has a uniform distribution of energy over 


all audible frequencies. 


warre light when passed through a colorless glass prism, can 
be separated into a spectrum of colors ranging from red to blue. 


white corpuscle \‘hwit 'kòr-,pas-a1\ 
PHYSIOLOGY. Any one of a number of colorless blood cells vary- 
ing in size, shape, structure and function and formed chiefly in 


the red bone marrow and lymphatic tissue; see leucocyte. 


One kind of wurre corruscLe destroys bacteria by engulfing 
and digesting them, while another kind aids in tissue repair. 
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white matter 


white matter \'hwit 'mat-ar\ 
ANATOMY and PHYSIOLOGY. Groups of nerve fibers that serve as 
conductors of nerve impulses within the brain and spinal cord; 
see gray matter. 


The wuire MATTER of the spinal cord surrounds a central core 
of gray matter. 


white noise \'hwit 'nòiz\ 
puysics. An electronically-produced mixture of sounds of 
widely-varying frequencies. 


Transverse Section of Spinal Cord 


WHITE NOISE corresponds with white light, which is a mixture of 
different colors. 


whole number \'hél 'nom-bar\ 


MATHEMATICS, An integer or any number, such as 2, 53 or 144, 


GRAY MATTER 7 ] A 
{l 
that is not a fraction. WHITE MATTER 


If two whole numbers are added or multiplied, the result is 
another WHOLE NUMBER. 


Wien’s laws \'venz 'lòz\ 
PHYSICS. A series of statements that describe the relationships 
between the temperature of an energy-radiating object and the 
frequencies of the energy radiated. 


Tt is possible to determine the temperature of a star by observ- 
ing its color and applying wien’s Laws. 


Wilson cloud chamber \'wil-san 'klaùd 'chām-bər\ 
puysics. A cloud chamber. See cloud chamber. 


Wimshurst machine \'wimz-harst mo-'shén\ 

puysics. A device used to generate static electricity. It con- 
sists of two glass or plastic disks mounted side by side, each 
having a series of metallic strips that contact fixed brushes. 
When the disks turn in opposite directions, a static charge 
is produced, which is stored in two capacitors and may dis- WIMSHURST 
charge in a spark between two metal knobs attached to the MACHINE 
capacitors. 


The static charge generated by a wiMsHuRST MACHINE may be 
as high as 50,000 volts. 


wind \'wind\ n. 
EARTH SCIENCE. Any detectable, natural and, usually, horizontal 
movement of air. Wind is caused by unequal heating of air 
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masses, resulting in high and low pressure areas. Wind speed 
and direction (from high to low) are influenced by differences 
in pressure and rotation of the earth. 


A winp is always designated by the direction from which it 
comes, as a “south wind.” 


wind erosion \'wind i-'rò-zhan\ 
EARTH SCIENCE. The removal, transportation and deposition of 
rock and soil particles by wind. 


WIND EROSION is most noticeable in arid regions. 


wind gap \'wind 'gap\ 
EARTH SCIENCE. A dry stream valley that cuts across a ridge or 
mountain, formed when the headwaters of a stream that formed 
a water gap have been captured or diverted; also called an air 
gap. 
A wyn car, like a water gap, is often used as a roadway across 
a mountain ridge. 


winding \'wīn-diņ\ n. 
ENGINEERING. A system of wire loops forming a coil in various 
electrical devices, as a coil of a transformer, electric motor or 


electromagnet. 


If a transformer overheats, the insulation may burn or melt 
from the winpinc and cause a short circuit. 


windpipe \'win(d)-,pip\ n. 
ANATOMY and zooLocy. The trachea. See trachea. 


winds aloft map \'win(d)z a-'lòft 'map\ 
AERONAUTICS and EARTH SCIENCE. A type of weather map indi- 
cating the direction and speeds of winds at altitudes at which 


airplane flights are made. 


A WINDS ALOFT MAP is used in planning aircraft flights. 


wind tunnel \'wind 'ton-°1\ 
AERONAUTICS. A large, hollow, usually-cylindrical device within 


which a high-speed wind is produced. It is used for passing an 
airstream over a stationary aircraft, aircraft model or aircraft 


surface. 


Most commercial airplane designs are tested in a WIND TUNNEL 
before the aircraft are flown. 
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withdrawal symptoms 


withdrawal symptoms \with-'dro(a-)I 'sim(p)-tamz\ 


MEDICINE. Reactions produced by depriving a person of a drug 
to which he is addicted. 


Dizziness, nausea, sweating and depression are WITHDRAWAL 
symptoms usually experienced by the addict deprived of heroin. 


wolfram \'wùl-from\ n. 
CHEMISTRY, By international agreement, the accepted name for 
the element tungsten. See tungsten. 


wood alcohol \'wùd 'al-ka-,hol\ 
CHEMISTRY. CH;OH. A colorless, poisonous liquid once pro- 
duced by destructive distillation of wood but now produced 
synthetically by combining hydrogen and carbon monoxide. It 
is used in the synthesis of formaldehyde and dyes, in anti- 
freeze and as a shellac solvent; also called methanol and methyl 
alcohol, 


WOOD ALCOHOL is synthesized under high pressure and in the 
presence of a catalyst at temperatures around 300°. 


work \'wərk\ n. 
puysics. Energy transferred from one object to another, meas- 
ured by multiplying the force acting times the distance the ob- 
ject moves while the force is applied. Amounts of work are ex- 
pressed in such units as foot-pound, joule and erg. 


Tf an object moves 5 feet while a force of 2 pounds acts on it, 
10 foot-pounds of worx is done. 


worker \'wor-kor\ n. 
ZOOLOGY. A nonreproducing member of an insect society, usu- 
ally characterized by such an activity as food gathering. 


Among ants and bees, a worker does not begin its duties until 
it becomes an adult. 


world calendar \'wor(-9)Id ‘kal-on-dar\ 

ASTRONOMY. Any one of several calendar reforms that have been 
proposed because of our present calendar's disadvantages, such 
as the fact that a given day of the month falls on a different day 
of the week in succeeding years. One plan divides the standard 
12-month year into four quarters, each containing an equal num- 
ber of days. Another plan involves the establishment of 13 
months, each with 28 days. 

In either of the two most significant plans for a wort> CALENDAR, 
it would be necessary to have a World Day (neither a day of a 
week nor a month) each year and two World Days in Leap 
Years. 


WOOD ALCOHOL 
(MOLECULE) 


O = Hydrogen 


@ = Carbon 
© = Oxygen 


WORKER 


HONEYBEE 


Y-AXIS 


X-AXIS 


XENOLITH 


GRANITE 


2 ELECTRONS IN K-SHELL 
8 ELECTRONS IN L-SHELL 
18 ELECTRONS IN M-SHELL 
18 ELECTRONS IN N-SHELL 
8 ELECTRONS IN O-SHELL 


xanthophyll \'zan(t)-tha-.fil\ n. 
BIOLOGY. One of a group of usually-yellow pigments often pres- 
ent in the plastids of plants and the fats of animals. 


XANTHOPHYLL can be seen easily in green grass that has been 
covered with a board for several days. 


x-axis \'ek-,sak-sas\ n. 
MATHEMATICS. Of the two axes of a two-dimensional coordinate 
system, the axis that is generally horizontal; also, that axis of 
the three axes of a three-dimensional coordinate system that 
passes through the intersection of the y-axis and the z-axis and 
is generally perpendicular to both. 


A line parallel to an x-axis has a slope equal to zero. 


X chromosome \'eks 'krò-ma-,s0m\ 
roLocy. The chromosome that determines the sex of an organ- 
ism. It is the element and carrier of heredity that promotes the 
development of female characteristics. Each female cell con- 
tains two X chromosomes, while each male cell has one X and 
one Y; see Y chromosome. 


In fruit flies, as in man, the union of an x CHROMOSOME andaY 
chromosome results in a male offspring, while the combination 
of two X chromosomes produces a female. 


xenolith \'zen-*l-,ith\ n. 
EARTH science. A rock fragment found within some igneous 
rocks, but of different origin from the igneous rock; also, a frag- 
ment of rock within another rock. 


The presence of a XENOLITH in a block of granite may make the 
granite unsuitable for use as building stone. 


xenon \'ze-,nin\ n. 
cuemustry. A rare, inert gas that occurs in air but makes up less 
than 0.0001 percent of the volume of air. Symbol, Xe; atomic 


number, 54; atomic weight, 131.30. 

The “strobe” light used by a photographer is a tube of XENON 
which produces a brief but very bright flash of light whenever an 
electric current passes through it. 
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xerophytes 


xerophytes \'zir-o-,fits\ n. 
BOTANY. Plants, such as cacti or sagebrush, that are adapted 
to grow in a dry habitat; see mesophytes and hydrophytes. 


XEROPHYTES are characterized by such adaptations as a waxy 
epidermis, water-storage tissue and small leaves or none. 


xiphoid process \'zif-,id 'pras-,es\ 
ANATOMY. The lower portion of the sternum (breastbone), which 
forms a narrow point below the attachment of the ribs, and 
which usually remains cartilaginous throughout life. 


The Greek word for “sword” suggested the name of the blade- 
shaped x1PHOW PROCESS. 


X ray \'eks-,ra\ n. 

MEDICINE and puysics. One of several penetrating electromag- 
netic radiations of very short wavelength that occurs between 
the wavelengths of ultraviolet radiation and gamma rays (10 
to 10° centimeters). X rays are produced when substances 
(atoms) are struck by high-speed electrons. They cause ex- 
posure of photographic film and ionization of substances that 
absorb them; see roentgen. 


Properly used, the x ray provides a valuable means of diag- 
nosing internal injuries of the human body. 


X-ray spectrum \'eks-,rà 'spek-trom\ 
CHEMISTRY and prysics. A particular group of X rays of certain 
wavelengths given off by an element, as a result of being 
bombarded by high-speed electrons. An X-ray spectrum varies 
according to the element emitting the X rays. 


Analyzing the x-ray spectrum of an unknown substance can 
provide information on the elements the substance contains. 


xylem \'zi-lom\ n. 
BOTANY. Plant tissue that conducts water from roots to leaves. 
In bulk, xylem forms wood and consists of tracheids, vessels, 
fibers and parenchyma cells. 


Growth rings result from the differences seen in xyLem formed 
early in the growing season and that formed late. 


xylene \'zi-,lén\ n. 
CHEMISTRY. CgHuo. A colorless liquid that burns easily, It is use- 
ful as a solvent for many organic substances and is used in 
making rubber cement. 


XYLENE is usually obtained from petroleum as a mixture of 
three isomers: ortho-xylene, meta-xylene and para-xylene. 


CROSS SECTION OF 
PLANT STEM 
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year \'yi(a)r\ n. 


yard \'yard\ n. 
MATHEMATICS. A unit of length equal to 3 feet, or 36 inches; 
abbr. yd. 


The yar is used to measure cloth. 


yaw \'yo\ n. 
AERONAUTICS and ASTRONAUTICS, The movement of an aircraft, 
rocket or space vehicle around its vertical axis; in the case of 
an airplane in a normal attitude, a change in direction to the 
right or left. 


The movement of an airplane's rudder produces Yaw. 


y-axis \'wi-,ak-sas\ n. 


MATHEMATICS. Of the two axes of a two-dimensional coordinate 
system, the axis that is generally perpendicular; also, of the 
three axes of a three-dimensional coordinate system, the axis 
that is usually located at right angles to the x-axis and to the 
z-axis and that passes through their intersection. 


A function whose graph is symmetrical with respect to the 
y-axis is called an even function. 


azoo stream \'ya-zii 'strém\ 
y Y 


EARTH SCIENCE. À tributary that runs for some distance parallel 
to the main stream before joining it. 

The term YAZOO STREAM was derived from the Yazoo River, a 
tributary of the Mississippi River. 


Y chromosome \'wi ‘krd-mo-,som\ 


sioLocy. The partner of the X chromosome in the cell nuclei of 
many male organisms. It is involved in determining the sex 
of an individual insofar as its presence excludes a second X 
chromosome; see X chromosome. 


The x camomosome in fruit flies has a J shape, while the X 
chromosome is rod-shaped. 


ASTRONOMY. The time it takes the earth to make one revolution 
around the sun; a unit for measuring time that, in the case of 
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yeasts 


the tropical year, is equal to 365 days, 5 hours, 48 minutes and 
46 seconds. 


The sidereal year is 20 minutes and 21.5 seconds longer than 
the tropical year. 


yeasts \'yésts\ n. 
BOTANY and CHEMISTRY. Usually, one-celled fungi 4 to 20 times 
larger than true bacteria. Yeasts have a nucleus and often re- 
produce by budding. Certain kinds secrete enzymes that cause 
fermentation by breaking down carbohydrates in solution to 
form alcohol and carbon dioxide; see zymase. 


yeasts may be collected from the surface of fruits, the sap of 
trees or the nectar of flowers. 


yield \'yéld\ n. 
1. puysics. The total amount of energy released in a nuclear YEASTS 
explosion, measured in terms of the tons of TNT that, when (BUDDING) 
exploded, would release the same amount of energy. 2. cHEM- 
istry. The weight of product resulting from a chemical reac- 
tion; frequently, the weight of actual product expressed as a 
percentage of the weight predicted by theoretical calculations. 


The ywo produced by a hydrogen bomb is so enormous that 
new terms of measurement, such as megaton, have been de- 
veloped. 


yield point \'yéld 'point\ 
puysics. The smallest force, or stress, that will cause an object 
to undergo bending, stretching or some other permanent change 
of shape; see elastic limit. 


Yolk sac of 
A metal spring that has been stretched so far that it does not Chicken embryo 
return to its original shape has passed its YIELD POINT. in egg 


yolk \'yok\ n. 
zootocy. A fatty, protein substance found in granules in the 
cytoplasm of eggs. The yolk serves as food for the developing 
embryo. 


An egg YOLK contains a number of proteins, plus cholesterol 
and fats. 


Yolk sac 

of mammalian 

-ii embryo 

y-organ \'wi-'or-gan\ n. 
ZOOLOGY. A glandular structure which is located in the head re- YOLK 
gion of a crustacean and produces a hormone that stimulates 


molting. 

Hormones produced by the x-oRcAN interact with molt-inhibiting 
hormones produced by the sinus gland located in the eyestalk 
to control cyclical changes in the body of the crayfish. 
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z-axis \'zé-,ak-sas\ n. 
MATHEMATICS. Of the three axes of a three-dimensional coor- 
dinate system, that axis that passes through the intersection of 
the x-axis and the y-axis and is usually perpendicular to both. 


The point at which the x-axis, y-axis and z-axis intersect is 
called the origin. 


zenith \'zé-noth\ n. 
ASTRONOMY. On the celestial sphere, the point that is directly 


above an observer. 


The zenith distance of a star is the angular distance from the 
ZENITH to the star. 


zeolite \'zé-a-it\ n. 
CHEMISTRY, A mixture of sodium aluminum silicate compounds 
found as a natural mineral and used to soften hard water. 


A zeourte softens hard water by removing calcium and mag- 
nesium ions and substituting sodium ions for them. 


zeppelin \'zep-(a-)lon\ n. 
AERONAUTICS. A type of large, rigid airship, or dirigible, de- 
veloped by Count von Zeppelin and first built in 1900. 


The “Hindenberg,” a zerreLIN built in Germany in 1936, was 
814 feet long and had a diameter of 135 feet. 


zero gravity \'zē-(,)rō ‘gray-at-é\ 


puysics. The condition of weightlessness within a container, 
such as a capsule, when the container is falling freely toward 
the earth or is in unpowered orbital motion. Zero gravity results 


from the fact that there is no difference in gravitational pull on 
the container and on the container’s contents. Thus, everything 
within the container floats, or has no weight with reference to 


the container; see free fall. 
The contents of a space capsule in orbit are weightless, or in a 
condition of ZERO GRAVITY, since both the capsule and contents 


are falling at the same speed. 


zero group \'zé-(,)r6 ‘griip\ 
pra) The inert gases. They differ from the other elements 


in the periodic table in that they will not easily combine with 
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zinc 
other elements. Gases in the zero group have atoms that con- 


tain a complete outer electron shell. 


The gases helium, neon, argon, krypton and xenon, plus the 
radioactive element radon, form the zero croup of elements. 


zine \'zink\ n POSITIVE ELECTRODE 
; [CARBONI 
CHEMISTRY. A metallic element, bluish white in color and about ZINC : ; 
as dense as tin. It is useful in galvanizing steel and making 
brass; its compounds are used in paint, insecticides and medi- 


cine, Symbol, Zn; atomic number, 30; atomic weight, 65.37. 


DRY CELL 


zinc serves both as the case and the negative electrode of the 
common flashlight cell. 


zodiacal light \z6-'di-o-kel ‘lit\ 
ASTRONOMY. A faint glow of light that sometimes extends up 
from the horizon along the path of the sun. Zodiacal light is 
seen in spring or fall just after sunset or before sunrise. 


AUTUMN 


ZODIACAL LIGHT is thought to be caused by small particles of 
dust that reflect sunlight. 


zone \'z0n\ n. 

1. MATHEMATICS. A portion of the surface of a sphere between 
two parallel planes intersecting the sphere. 2. EARTH SCIENCE. 
Any of the earth’s climatic divisions that are fixed by the Arctic 
and Antarctic circles and by the tropics of Cancer and Capri- 
corn; see Frigid Zone, Temperate Zone and Torrid Zone; also, 
a rock bed or an area characterized by a common property, 
such as minerals or fossils. 


The bases of a zone are the circles formed by the intersection ZODIACAL LIGHT 
of parallel planes with the sphere. 


SPRING 


zone purification \'z0n ,pyur-o-fa-'ka-shon\ 

CHEMISTRY. A process by which impurities are removed from 
certain metals or crystalline compounds. In operation, a bar of 
the metal, or a tube of the compound, is moved slowly through 
a device that heats a small portion of the bar or tube to a tem- 
perature near the melting point of the substance. Impurities 
concentrate in the hot region, or zone, and are eventually 
trapped at one end of the bar or tube. 


ZONE PURIFICATION has been used to prepare germanium metal 
for use in transistors. 


zoologist \z6-'il-a-jast\ n. 
zooLocy. A scientist who studies animal life. 


A zooLocist with a special interest in birds may also be called 
an ornithologist. 
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zoology \z6-'il-o-je\ n. 
The branch of biology that deals with the life, structure, de- 
velopment and classification of animals; broadly, the science 
of animals or animal life. 


The study of microorganisms may be included in either zooLocy 
or microbiology. 


zoophyte \'z6-a-,fit\ n. 
zooLocy. One of a number of invertebrate animals that resem- 
ble plants, as a coral or sponge. 


A zoopuyte is usually an aquatic animal lacking locomotion 
at a prominent stage of its development. 


zoospore \'z6-9-,sp0(a)r\ n. 

1. BOTANY. An asexual reproductive cell capable of locomotion 
by flagella. It is produced by some aquatic plants that do not 
possess reproductive tissues. 2. zooLocy. A free-moving flag- 
ellate, or amoeboid, body that comes from the sporocyst of 
some protozoans. 

When mature, a zoospoRE escapes from its cell wall, swims 
freely for a time, then becomes attached and grows into a new 
individual. 


zygote \'zi-,got\ n. 
piotocy. A fertilized egg, or cell, that results from the fusion 
of two gametes; also, the individual that results from a fer- 
tilized egg. 
A zycore divides and subdivides by mitosis, forming an indi- 
vidual of the same kind as the parent. 


zymase \'zi-,mas\ n. 
sIoLOGY. A mixture of enzymes, produced by yeast, that cata- 
lyzes the decomposition of glucose and certain other sugars 


into carbon dioxide and ethyl alcohol (fermentation ). 


Yeasts contains enzymes other than ZYMASE that will break 
down carbohydrates into simple sugars. 


zymolysis \zi-'miil-a-sas\ n. 
BIOLOGY and CHEMISTRY. A chemical reaction that breaks down 
complex organic compounds into simpler compounds and that 
is caused by the presence of other compounds called enzymes; 


also called enzymolysis; see enzyme. 


zymoxysis is the principal type of chemical rea 
in the digestion of food. 


ction that occurs 
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COMPLETE INDEX FOR WORLD OF SCIENCE 
VOLUMES 1 THRU 20 


ABOUT THE INDEX ... References are given first by volume number and then by page number (exam- 
ple: mammoth 6-119). When an entry word refers to a major article, volume and page numbers are indi- 
cated by italics (example: absorption 3-42). Although most articles are several pages long, only the 
first page of the article is listed. References to words that appear in the Illustrated Science Dictionary 
are indicated by bold face type (example: mesophytes 13-162). When a volume number appears in 
italics, it indicates that the entire volume is devoted to that subject (example: mathematics Vol, 13). 
Illustration listings follow all other references; they are preceded by a small “i” and are included only 
if they refer to full-page illustrations or the equivalent. Smaller illustrations may be included in the 
reference entries if they are of sufficient importance, particularly if they are of a subject not specifically 
related to the text. For example, a spiderweb illustration that appears with an article on geometric 


figures is indexed. 


A 


aa 1-163 

abacus 1-163; 17-58 

abdomen 1-163; i2-96 

abductor muscles 1-163; 
2-94 

Abel, Niels Henrik 1-154 

aberration 1-163, 2-132; 
8-28 

aberration (lens) 16-33; 
116-34, 35 

abiogenetic 1-163 

aboriginal 1-164 

abrasion 1-164; 4-115 

abrasive 1-164 

abscess 1-164 

abscissa 1-164 

absolute humidity 1-164 


absolute temperature 1-164 


absolute value 1-164 

absolute zero 1-165; 15-79, 
80, 81, 87 

absorption 1-165; 3-42; 

absorption (light) 13-147; 
16-21; i16-23 


absorption power 15-28, 30, 


53; i15-28, 30 
absorption spectrum 1-165 
absorptive power 15-42 
abstract 1-165 
abyssal 1-165 
abyssal zone 1-46; 6-147 
AC 1-165 
acceleration 1-165; 16-102; 
i16-103 
acceleration due to gravit 
1-166 nti: 
accelerator 1-166 
accelerometer 17-127, 130 


acclimate 1-166 

accommodation 1-55; 
1-166; 2-132 

accretion 1-166 

acetate 1-166 

acetic acid 1-166; 12-113; 
128; i12-131 

acetone 1-167; 12-105, 107 

acetophenone 12-108 

acetylcholine 1-127 

acetylene 1-167; 10-39 
12-47, 144 

Achilles tendon 1-167 

achromatic 1-167 

acid (see also specific 
names) 1-167; 11-46, 50 

acid anhydrides 11-52 

acoelous 1-167 

acoustics 1-167; 16-76, 80; 
i16-76, 77, 78, 83 

acre 1-168 

acrylic resin 12-145 

ACTH 1-168; 2-138 

actin 2-101 

actinic rays 1-168 

actinide series 1-168; 
10-143, 150 

actinium 10-150 

activate 1-168 

active force 16-90, 93 

active immunity 3-131 

active membrane potential 
2-125 

actomyosin complex 2-101 

actuarial mathematics 
13-141 

acute angle 1-168 

acylation 12-117 

Adam's apple 1-168; 2-144 

Adams, John C. 8-64 

Adams, W.S. 8-62 

adaptation 1-168; 2-73; 5-19 

adaptive radiation 1-169 


adductor muscles 1-169; 
2-94 

Adel, A. 8-62 

adenohypophysis 2-138 

adenoids 1-169 

adenosine diphosphate 
1-169 

adenosine triphosphate 
1-69; 2-103, 126, 3-144 

adhesion 1-170 

adiabatic demagnetization 
15-81, 82, 87; 115-88 

adiabatic lapse rate 1-170 

adipose 1-170 

adipose tissue 2-89, 93 

adjacent angles 1-170 

ADP see adenosine 
diphosphate 

adrenal cortex 2-139 

adrenal glands 1-170; 
2-137, 156 

adrenaline 1-170; 12-103 

Adrian, Edgar Douglas 
1-155 

adsorption 1-170; 10-157; 
11-127 

adulterate 1-171 

advection 1-171 

adventitious roots 1-171 

aerate 1-171 

aerial 1-171 

aerobic 1-171 

aerobic respiration 2-103 

aerobiology 1-171 

aerodonetics 1-172 

aerodynamics 1-172; 
14-120 

aeronautics 1-172 

aeropause 1-172 

aerosol 1-172; 14-144 

aerospace 1-172 

aerostatic 1-172 

afferent nerves 1-173 


affinity 1-173 

afterburner 1-173 

afterdamp 1-173 

afterimage 16-43 

agar 1-173 

Agassiz, Jean Louis 
Rodolphe 1-156 

agate 10-75 

agent 1-173 

agglomerate 1-173; 7-83 

agglutination 1-174 

aggregates; 114-108 

agonic line 1-174 

Agricola, Georgius 1-756 

ailerons 1-174 

air 1-174; 7-89, 110 

air bladder 1-174 

air brake 1-174 

air-condition 1-174 

aircraft production 17-7, 
132 ; 117-9, 12, 133 

airfoil 1-175 

air injection 1-175 

air mass 1-175, 7-134; 
i7-134 

airplane 17-7, 132; i17-9, 12, 
133 

air pocket 1-175 

air pressure 1-175 

air pump 1-175 

air sacs 1-175 

Airy, Sir George B. 4-36; 


8-64 
Airy's hypothesis 4-36 
alabaster 1-176 
albedo 1-176 
Albertus Magnus 1-756; 
10-85 
albino 1-176 
albumin 1-176; 3-126, 128 
alcohol 1-176; 12-78, 82 
alcoholic beverages 12-85 
aldehyde 1-176; 12-119 


162 / ALDER 


Alder, Kurt 1-157 
Alfvén, Hannes Olaf Gésta 
20-111 
algae 1-13, 81; 5-31, 41, 73 
algebra 1-176 
alidade 1-176 
alimentary canal 1-177 
alimentation i3-43 
aliphatic amines 12-96 
alizarin 12-77 
alkali 1-177; 10-82 
alkali metals 10-110, 143 
alkaline-earth metals 10-143 
alkaloid 1-177 
alkanes 12-47, 148 
alkenes 12-47 
alkynes 12-47 
allele 1-177 
allergy 1-177 
allopolyploids 2-32 
allotetraploids 2-32 
alloy 1-177; 11-132 
alluvium 1-177; 4-128 
alpha 1-177 
alpha particles 10-118; 
14-38 
alpha ray 1-178 
Alps 4-41, 101; i4-99, 102 
altaite 10-126 
alternating current 1-178; 
115-143 
alternation of generations 
1-178 
alternator 17-83 
altiazimuthal coordinates 
8-7; i8-8 
altimeter 1-178 
altitude 1-34, 1-78 
altitude, effect on 
vegetation 1-35; 2-12; 
i1-35, 36, 37 
altocumulus 1-179 
altostratus 1-179 
alum 1-179 
aluminothermy 10-28 
aluminum 1-102, 179; 
10-30, 152 
aluminum ores 10-30 
aluminum oxide 10-32, 33 
Alvarez, Luis Walter, 1-157 
alveola 1-179 
alveoli 2-112, 145 
AM 1-179 
amalgam 1-179 10-95 
Ambartsumian, Viktor 
Amazaspovich 1-158 
amber 1-179 
americium 10-81 
amethyst 10-75 
ametropia 1-55 
amianthus 10-103, 104 
amines 12-96, 100 
amino acids 1-180; 12-92; 
i3-144, 145 


ammeter 1-180; 17-104 

ammonia 1-180; 10-71 

ammonite 5-90, 143; i5-90, 
92, 93 

amoeba 1-9, 13; 5-50 

amorphous 1-180 

amorphous carbon 10-147 

amortization 13-137 

ampere 1-180 

Ampère, André Marie 1-159; 
15-90 

Ampère's law 15-94 

amphiarthrosis 1-68 

amphibian 1-180; 3-26; 
5-101, 156 

amphibolite 10-76 

Amphineura 5-126 

amphoteric 1-180; 11-52 

amplifier 1-180 

amplitude 1-181 

amplitude modulation 1-181; 
18-83 

ampoule 1-181 

ampulla 2-136 

Amundsen, Roald 1-159 

amylase 2-151 

anabatic 1-181 

anabolism 1-181 

anadromous 1-181 

anaerobic 1-181 

analog calculator 18-94 

analog computer 1-181; 
15-123 

analogous structures 5-24 

analysis 1-182 

analytic geometry 1-182 

anaphase 1-182; 3-103; 
i3-105 

anatase 10-114 

anatomy 1-182 

Anderson, Carl David 1-160; 
14-54 

Andrews, Thomas 14-66 

Andrews curve 14-67, 68 

androgen 1-182; 2-143 

Andromeda (constellation) 
9-153 

Andromeda (galaxy) 4-10; 
9-18 

Andromeda (satellite) 4-10 

anemia 1-182 

anemometer 1-182 

aneroid barometer 1-183 

anesthetic 1-183; 12-86 

Angara 5-107 

angelfish 2-26 

angiosperm 1-183; 3-10; 
5-149; 6-32 

anglerfish 1-47 

angstrom unit 1-183; 
14-22 

angular acceleration 1-183 

angular momentum 1-183; 
16-117; 116-117 

angular velocity 1-183 

anhydrous 1-184 

aniline 1-184; 12-100, 102, 
103 


animal 1-184 

animal classification 1-184 

anion 1-184; 7-151; 11-67 

anneal 1-184 

annual 1-184 

annual ring 1-185 

annuities 13-143 

anode 1-185 

Anopheles mosquito 2-75 

anoxia 1-185 

Antarctic 1-185 

antenna 1-185; 17-14; 
i17-17, 18, 19 

anterior 1-185 

anthelion 7-122 

anther 1-185 

antheridium 1-184 

anthracene 12-76 

anthracite 1-186 

anthropoid 1-186 

anthropologist 1-186 

antibiotic 1-186 

antibody 1-186 

anticline 1-186; 18-46 

anticyclone 1-186 

antidote 1-187 

antigen 1-187 

antigravity suit 1-187 

antihistamine 1-187 

antilogarithm 1-187 

antimatter 1-187; 74-53 

antimony 1-187; 10-106 

antiparticle 1-188; 14-53; 
114-55 

antipodal 1-188 

antiquarks 14-52 

antiseptic 1-188 

antitoxin 1-188 

anti-universe 14-54 

ants 1-26; 2-43 

anus 2-151 

aorta 1-188; 3-52 

apatite 7-34; 10-22 

aperture 1-188 

aphelion 1-188 

aphid 1-26; 2-45 

apical dominance 1-189 

apical meristem 2-34; 3-7 

apocrine glands 1-63 

apogee 1-189 

Apollonius 1-160 

Apollo project 8-78, 84 

apophyses 4-63 

apothem 1-112; 1-189 

apparent magnitude 1-189 

appendage 1-189 

appendicular skeleton 
2-104 

appendix 1-189 

Appleton, Sir Edward Victor 
19-5 

applied sciences Vol. 17; 
Vol. 18; 1-134 

apsis 1-189 

aqua 1-189 

aqua regia 1-189; 10-72 

Aquarius (constellation) 
9-150 


Aquarius (nebula) i9-11 

aquatic 1-190 

aquatic animals 2-69; i2-70 

aqueous 1-190 

aqueous humor 1-190; 
2-132 

Aquila (constellation) 9-144 

Arabic numerals 1-190; 13-7 

arachnoid 1-56 

Arago, D. F. 8-64 

aragonite 7-37 

arboreal 1-190 

arc 1-190; 15-149 

arch dam i1-137 

archegonium 1-190 

Archaeopteryx 5-146; 6-40; 
i6-39 

Archeozoic era 5-28; i5-29 

Archimedean polyhedrons; 
113-85 

Archimedes 13-17; 19-5 

Archimedes’ principle 
14-134; 114-115 

archipelago 1-190 

Arctic 1-191 

Arctic fauna 2-16; i2-19, 20 

Arctic flora 2-16 

Arctic Ocean 6-144 

Arctic tern 2-62 

area 1-191 

Arend-Roland comet i8-136 

aréte 1-191 

Arfvedson, Johann-August 
10-111 

argon 1-191; 4-158; 10-141 

Argonne National 
Laboratory 18-34 

argyrodite 10-120 

arid region 1-191 

Aries (constellation) 9-153 

Aristotle 13-155; 19-6 

arithmetical shortcuts 13-17 

arithmetic mean 1-191 

arithmetic progression 
1-191 

arithmetic unit 1-191 

armature 2-162 

arm bones 2-104 

Armstrong, Henry Edward 
19-6 

Armstrong, Neil 8-84 

aromatic compounds 12-63 

arrangements i1-114, 115 

Arrhenius, Svante August 
19-7 

arrhythmic system 18-128; 
118-129, 130, 131 

arsenic 2-162; 10-85 

arsine 10-87 

arsphenamine 10-87 

arterioles 2-156; 2-162; i3-54 

arteriosclerosis 2-162 

artery 2-162; i3-53 

artesian well 2-162; 7-156; 
14-117 

artifact 2-162 

artificial isotopes 16-157 

artificial nuclei 16-157 


artificial satellite 2-162; 
6-13; 7-17, 110, 19-157; 
i18-127 

artiodactyl 6-89, 92; i6-91 

asbestos 2-163 

ascorbic acid 12-110, 112 

aseptic 2-163 

asexual reproduction 2-163; 
3-18 

asexual spores 3-19 

ash 2-163 

Ashbrook, J. 8-62 

aspirin 2-163 

assay 2-163 

assimilation 2-163 

associative law 1-117; 2-164 

assumptions 2-164 

astatine 70-118, 138, 139 

asteroid 2-164; 8-74; i8-75, 
76 

asthenosphere 4-38 

astigmatism 1-55; 2-164; 
16-35 

Aston, Francis William 19-7 

astral 2-164 

astringent 2-164 

astrogation 2-164 

astrolabe 2-164 

astronaut 2-165 

astronautics 2-165; 18-20 

astronomer 2-165 

astronomical distances 
9-105 

astronomical time 9-87 

astronomical triangle 9-100 

astronomical unit 2-165 
9-105, 107 

astronomy Vol. 8; Vol. 9; 
1-74, 84; 2-165 

astrophyllite 10-134 

astrophysics 2-165; 8-69; 
9-12, 19 

asymmetrical 2-165 

ataxite 2-165 

atherosclerosis 2-166 

atlas (vertebra) 2-108, 110 

atmosphere 2-166; 4-12; 
7-86, 89, 98, 110, 120; 8-26, 
148; 9-86; i7-114,115 

atmospheric pressure 2-166; 
4-136; 7-129; i4-136 

atmospheric refraction 9-104 

atoll 2-25, 166 

atom 1-130; 2-166; 11-84 

atomic absorption 
spectrometry (AA) 11-156 

atomic bomb 10-79; 14-48 

atomic energy 2-166; 10-79 

atomic fission 2-166 

atomic fusion 2-167 

atomic mass 2-167 

atomic number 2-167; 14-37 

atomic physics 10-118; 
14-19, 22, 25 

atomic reactor 10-79 

atomic structure 1-100; 
2-167; 11-81; 14-16, 62; 
i1-107 


atomic theory 1-130; 14-25 

atomic volume 14-22 

atomic weight 2-167; 11-87; 
14-19 

atoxyl 10-87 

ATP see adenosine 
triphosphate 

atrophy 2-167 

attitude gyro 2-168 

attitude jets 2-168 

auditory 2-168 

Audubon, John James 19-8 

auricle 2-168; 3-50 

Auriga (constellation) 9-122 

aurora australis 2-168 

aurora borealis 2-168 

austral region 5-106 

Australia, fauna 2-21; i2-22, 
23; 6-77 

Australopithecus 6-124; 127 

automatic programming 
2-168 

automation 2-169 

automobile 17-20 

automobile manufacturing 
17-20 

autonomic nervous system 
2-116, 169 

autopolyploidy 2-32 

autopsy 2-169 

autosome 3-100 

autotetraploids 2-32 

autotroph 1-16; 2-169 

autunite 2-169 

average 2-169 

Avogadro, Amedeo 11-94; 
14-56, 153; 19-8 

Avogadro's constant see 
Avogadro's number 

Avogadro's law 1-132; 2-170; 
11-92, 94; 14-56; 111-92; 
14-57 

Avogadro’s number 1-133; 
2-170; 11-91 14-32, 56, 59; 
i1-133; 14-57, 58 

Axelrod, Julius 19-9 

axial skeleton 2-108 

axiom 2-170 

axis 2-170 

axis (vertebra) 2-108, 170 

axon 1-56; 2-121, 170 

axonometry 13-94 

azeotropic mixture 
11-117, 119 

azimuth 2-170 

azote 10-70 

azurite 10-45 


B 


Baade, Walter 9-116 
babbit 2-171 

bacillus 2-171 
backbone 2-109, 171 
background count 2-171 


Bacon, Sir Francis 4-50; 
19-10 

Bacon, Roger 19-9 

bacteria 2-73, 171; 3-20; 
13-146 

bactericide 2-171 

bacteriologist 2-172 

bacteriology 2-172 

bacteriophage 2-172; 3-68 

baddeleyite 10-133 

badlands 2-172 

Baer, Karl Ernst von 19-10 

Baeyer, Johann Friedrich 
Wilhelm Adolf von 12-67, 
19-11 

Baker-Nunn telescope i9-78 

baking soda 2-172 

balance 2-172; 12-9 

balanced diet 2-172 

balance of nature 2-172 

Balard, Antoine 10-138 

ball-and-socket joint 2-173 

ballast 2-173 

ball bearing 2-173 

ballistic missle 2-173 

ballistics 2-173 

balloon 14-118 

bamboo 1-32 

Banting, Sir Frederick 
Grant 19-17 

bar 2-173 

Bárány, Robert 19-11 

barbel 2-173 

barbiturates 2-174 

barbs 2-84 

barbules 2-84 

Bardeen, John 18-144, 19-12 

bar gradient 7-131 

bar graph 2-174 

barite 7-33, 34; 10-92; 14-45 

barium 10-92, 118, 145 

barium sulfate 10-93 

bark 2-174 

Barkla, Charles Glover 
19-12 

barnacles 2-66 

Barnard, Edward 8-51 

barograph 2-174 

barometer 2-174 

barometric pressure 2-174; 
7-129 

barrier beach 2-174 

barrier reef 2-175 

Barton, Derek Harold 
Richard 19-13 

barycenter 8-32 

baryon 14-28, 51 

basal metabolism 2-175 

basalt 2-175; 4-70 

base 2-175; 11-46, 50 

base level 2-175 

base line 2-175 

base metal 2-176 

basic 2-176 

basic anhydride 2-176 

basic salt 2-176 

basilar membrane 2-135 

basin 2-176 


163 / BENZENE 


Basov, Nikolai 
Gennadievich 19-13 

bat 2-58; 3-156; i2-61 

Bateson, William 19-13 

bath 2-176; 12-7 

batholith 2-176; 4-66 

bathyscaphe 2-176; 14-115 

bathysphere 2-177 

Batoidi 2-71 

battery 2-177; 11-77, 75 

Baumé scale 2-177 

bauxite 2-177; 10-30 

bay 2-177 

bayou 2-177 

B battery 2-177 

BCD see binary coded 
decimal 

B-complex vitamins 2-178 

beach 2-178 

beacon 2-178 

bead test 2-178 

Beadle, George Wells 3-138; 
19-14 

Beagle, H.M.S. 5-17 

beaker 2-178 

beam 2-178 

beam generators 116-157 

beard 2-179 

bearing 2-179 

bearings 2-179; 17-27 

beat 2-179 

Beaufort wind scale 2-179; 
i7-132, 133 

Beaumont, William 19-14 

Becker, H. 14-34 

Becker, W. B. 8-62 

Beckmann, H. 14-70 

Beckmann thermometer 
14-70 

Becquerel, Antoine Henri 
10-79, 118; 14-37; 19-15 

Becquerel rays 10-118 

bedrock 2-179 

bee 2-48; i2-52 

Beebe, Charles William 
19-16 

beebread 2-49 

beetle 1-27; 2-66 

Behring, Emil Adolf von 
19-16 

Békésy, Georg von 19-17 

bel 2-179 

belemnite 5-108; i5-110, 113 

Bell, Alexander Graham 
16-69; 18-121; 19-17 

bell jar 2-180 

belly 2-180 

bench mark 2-180 

bends 2-180 

benign 2-180 

Bennettitales 5-148 

benthos 2-180 

benzene 2-180; 12-29, 63, 
140; 112-141 


164 / BENZENE 


benzene ring 2-180; 12-140 
Berg, O. 10-73 
Bergius, Friedrich 19-18 
Bergman, T. O. 10-85 
berkelium 2-181 
Bernard, Claude 19-18 
Bernoulli, Daniel 19-20 
Bernoulli, Jakob | 79-20 
Bernoulli, Jakob Il 79-20 
Bernoulli, Johann | 19-20 
Bernoulli, Johann Il 19-20 
Bernoulli, Johann III 79-20 
Bernoulli, Nikolaus 79-20 
Bernoulli family 19-79 
Bernoulli's principle 2-181; 
14-119, 126;114-126 
Berthollet, Claude L. 11-94 
berry 2-181 
beryl 7-30; 10-66 
beryllium 10-144 
berzelianite 10-125 
Berzelius, Jòns Jacob 


10-27, 38, 75, 113, 125, 133, 


135, 150; 11-80; 19-20 

Bessel, Friedrich Wilhelm 
19-21 

Bessemer, Sir Henry 18-95; 
19-22 

Bessemer converter 2-181; 
i18-95, 97 

beta particles 2-181;10-118; 
14-38 

beta rays 2-182 

betatron 2-182 

Betelgeuse (star) 9-123 

Bethe, Hans Albrecht 
14-15; 19-23 

biaxial 2-182 

bicarbonate 2-182 

bicuspid 2-113, 182 

Biela's comet 8-138 

biennial 2-182 

bifocal 2-182 

Biggs, Maurice E. 6-6; 7-6 

bilateral symmetry 2-182 

bile 2-151, 183; 12-139 

bile acids 12-139 

bile duct 2-183 

bile salts 2-153 

billion 2-183 

bimodal curve 2-183 

binary 2-183 

binary circuits 17-64, 68, 69 

binary coded decimal 2-183 

binary compound 2-184 

binary digit 2-184 

binary fission 2-184 

binary notation 2-184 

binary stars 2-184 

binary system of 
numeration 2-184; 13-9; 
17-61, 68 

binaural 2-184 

binding energy 2-185 


Binet, Alfred 79-23 

binocular microscope 
2-185; 17-156 

binocular vision 2-185 

binomial 2-185 

binomial nomenclature 
2-185 

biochemistry 2-185 

biodegradable 2-186 

biogenesis 2-186 

biography Vol. 19; Vol. 20; 
1-153 

biological control 2-186 

biologist 2-186 

biology Vol. 2; Vol. 3; 1-8; 
2-186 

biome 2-186 

biometrics 2-186 

bionicist 3-159 

bionics 2-186; 3-156 

biophysics 2-187 

biopsy 2-187 

biosphere 2-187 

biota 2-187 

biotic 2-187 

biotite 10-128 

Biot-Savart Law 15-93, 94 

biped 2-187 

biplane 2-187 

bipolar 2-188 

bipropellant 2-188 

biradial symmetry 2-188 

bird 1-38; 2-67; 6-39; i6-39, 
40 

bird embryology 3-34 

bird nests i1-40, 43, 44 

bisect 2-188 

bisector 2-188 

bisexual reproduction 2-188 

bismuth 10-88, 118, 154 

bismuth magistery 10-89 

bistable circuit 17-61 
i17-62, 63 

BIT see binary digit 

bituminous coal 2-188 

bivalent 2-189 

bivalve 2-189; 5-116 

Bjerknes, Jacob Aall 
Bonnevie 19-23 

Bjerknes, Vilhelm Frimann 
Koren 19-23 

blackbird 1-44 

blackbody 2-189; 15-16, 42 

blackbody laws 15-42 

blackbody radiation 15-44 

Blackett, Patrick Maynard 
Stuart 4-51; 19-24 

blackout 2-189 

bladder 2-158; 2-189 

blade 2-189 

blast furnace 2-189; 77-30 
i17-2, 31, 34, 35, 48 

blastopore 3-27 

blastula 2-190; 3-28 

bleach 2-190 

blende 10-40 

blight 2-190 

blind spot 1-54; 2-190 


blink microscope 2-190 

Bloch, Felix 19-24 

Bloch, Konrad Emil 19-25 

block fault 2-190 

block stoping 4-65 

blood 2-190 

blood count 2-191 

blood group 2-191 

blood plasma 2-191 

blood pressure 2-191 

blood sugar 2-191 

blood vessel 2-191 

blowout 2-191 

blowpipe 3-162 

blue (color) 16-49 

blueprint 3-162 

boar 1-25 

bog 3-162 

Bohr, Niels Henrik David 
10-10; 14-48; 15-21; 19-25 

boil 3-162 

boiling point 3-162; 11-144; 
14-69 

Boisbaudran, Lecog de 
10-130 

bolide 3-162 

boll 3-162 

Bolognian phosphorus 
10-94 

bolometer 8-121 

Bolyai, Janos 13-67 

bombardment 3-162 

bond 3-163; 14-77 

bone (see also arm, foot, 
maxillary, etc.) 1-69; 2-93 
3-163; i2-106 

Bonellia viridis 2-66, 68 

Boole, George 79-25 

Boolean algebra 3-163 

booster rocket 3-163 

booster shot 3-163 

Boòtes (constellation) 9-136 

boranes 10-59 

borate 3-163; 10-59 

borax 3-163; 10-58, 82; 
11-22 

borax bead test 11-153; 
i11-154 

Bordet, Jules 19-27 

boreal 3-164 

boreal region 5-106 

boric acid 3-164; 10-58 

Born, Max 19-27 

boron 3-164; 10-58, 152 

Bosch, Karl 19-27 

botonist 3-164 

botany 3-164 

Bothe, Walther Wilhelm 
Georg Franz 14-34; 19-27 

botulism 3-73 

Bouguer, Pierre 4-36 

boulangerite 10-106 

boulder 3-164 

boundary layer 3-164 

“Bourbaki, Nicolas" 19-28 

Bovet, Daniel 19-28 

Bowen, Norman Levi 19-29 

bowerbird 2-24 


Bowie, William 4-37 

Bowman's capsule 2-156 

Boyle, Robert 14-149; 19-29 

Boyle’s law 3-165; 14-149, 
151 

Boys, Charles V. 16-141 

brace roots 3-165 

brachial 3-165 

brachistochrone 3-165 

Bradley, James 19-37 

Bragg, Sir William Henry 
19-31 

Bragg, Sir William 
Lawrence 79-37 

Brahe, Tycho 8-34, 133; 
19-32 

braided stream 3-165 

brain 1-56; 3-165; 17-68; 
i1-58 

brain wave 3-165 

braking ellipse 3-166 

braking radiation 15-22, 23 

branch 3-166 

Brand, Hennig 10-23 

Brandt, Georg 10-20 

brass 3-166; 10-46 

Brattain, Walter Hauser 
18-144; 19-33 

Braun, Karl Ferdinand 
19-33 

Braun, Wernher von 19-34 

Bravais, Auguste 14-98 

Bravais lattice 14-91, 98 

braze 3-166 

breathing 3-57 

breccia 3-166; 7-50; i7-52, 
53, 54 

breed 3-166 

breeder reactor 3-167 

breeding range 3-167 

Brianchon's theorem 13-88 

Bridgman, Percy Williams 
19-34 

Bridgman method 14-101 

bright-line spectrum 3-167 

bright nebula 3-167 

brimstone 10-51 

brine 3-167 

British thermal unit 3-167 

brittleness 3-167 

broadcasting i18-81, 84 

Broglie see De Broglie 

bromide 3-167; 10-138 

bromine 3-168; 70-738, 155 

bronchi 2-144; 3-168 

bronchioles 2-145 

bronze 3-168; 10-46, 91 

Brown, Robert 11-98; 79-35 

Brownian motion 3-168; 
11-98; 111-99 

Brown Leghorn 2-68 

bruise 3-168 

Brunel, Isambard Kingdom 
19-35 

Brunel, Sir Marc Isambard 
19-35 

Brunner's glands 2-153 

Brunton compass 3-168 


bryozoan 3-168 

Btu see British thermal unit 

bubble chamber 3-169 

Buchner, Edward 19-36 

Buckland, William 6-34 

bud 3-169 

budding 3-18, 20 

buffer 3-169 

buffer salt 3-169 

buffer solution 11-54 

Buffon, Georges Louis 
Leclerc, Comte de 19-36 

bulb 3-169 

Bunsen, Robert Wilhelm 
9-14; 19-37 

Bunsen burner 3-169; 12-7, 
15, 16 

buoyancy 3-169 

Burbank, Luther 19-37 

burette 3-170 

burial customs 6-131 

Burnet, Sir Frank 
Macfarlane 19-38 

Burnet's theory 3-131 

bursa 3-170 

bushel 3-170 

butane 3-170 

Butenandt, Adolf Friedrich 
Johann 19-38 

butte 3-170 

butterfly, monarch 2-64 

butterfly eggs; i1-28 

butterfly fish 2-28 

butyl alcohol 12-79 

butyl rubber 3-170 

butyric acid 3-170; 12-113 

by-product 3-170 

Byrd, Richard Evelyn 19-39 


C 


°C see Centrigrade 

cadmium 3-171; 10-13, 159 

caisson 3-171 

Cajal see Ramon y Cajal, 
Santiago 

calamine 7-31, 10-40 

calamus 2-84 

calcareous 3-171 

calcareous rock i4-110 

calcification 3-171 

calcite 3-171; 7-36 

calcium 3-172; 10-36, 145; 
110-37 

calcium carbonate 10-37 

calcium chloride 10-39 

calcium fluoride 7-40 

calcium sulfate 10-37 

calculating machine 13-12 

calculator 18-94 

calculus 3-172; 13-124, 126 

Caldera 3-172; 4-72 

Calder Hall reactor i18-29 

Caledonian orogenesis 5-47 

Calendar 8-16; i8-19, 20 


calibration 3-172 

caliper 3-172 

callus 3-172 

calomel 10-97; 11-57 

caloric 3-173 

caloric theory 15-73 

calorie 3-140, 143, 173 

calorimeter 3-173 

Calvert, Mary 9-46 

Calvin, Melvin 19-40 

calyx 3-173 

camber 3-173 

cambium 3-173 

Cambrian period 1-82; 
5-40, 43; i5-40, 46 

camel 6-94 

Camelopardalis 
(constellation) 9-122 

camera 17-36, 41; i17-38, 
40, 42-45 

camouflage i5-22 

camphor 3-174 

Canadian shield 5-29, 30 

canali 3-174 

Cancer (constellation) 9-129 

candelabrum (laboratory 
equipment) 12-13 

candlepower 3-174 

Candolle, Alphonse Louis 
Pierre Pyrame de 79-40 

Candolle, Augustin Pyrame 
de 19-40 

Candolle, de, family 19-40 

CANDU (Canadian 
Deuterium Uranium) 
reactor 18-38; 118-39, 40 

Canes Venatici 
(constellation) 9-134 

canine 3-174 

canine teeth 2-112 

Canis Major (constellation) 
9-126 

Canis Minor (constellation) 
9-125 

Cannizzaro, Stanislao 
19-40 

Cantor, Georg 13-48 

canyon 3-174 

capacitance 3-174; 15-128; 
115-130 

capacitive reactance 3-174 

capacitor 3-175; 15-128; 
i15-130 

cape 3-175 

capercaillie 2-15 

capillarity 11-114 

capillary 3-175 

capillary action 11-114 

capillary tube 11-115, 
12-18; 111-115 

Capricornus (constellation) 
9-146 

capsule 3-175 

carapace 3-176 

carat 3-176 

carbide 3-176 

carbohydrate 3-92, 176; 
12-124 


carbolic acid 3-176; 12-132 

carbon 3-176; 10-146, 153 

carbon arc 11-104 

carbonate 3-176, 7-36; 
i7-37, 39 

carbonate test 11-59 

carbon cycle 3-65, 176; 
10-146; i3-67 

carbon dating 3-177 

carbon dioxide 3-177; 4-13; 
11-16; 14-67 

carbon dioxide-oxygen 
cycle 3-177 

carbon 14; 3-177 

carboniferous 3-177 

Carboniferous fauna 5-99; 
15-99 

Carboniferous flora 5-98, 
102; i5-102 

carboniferous fossils; 
i5-104 

Carboniferous period 5-95, 
99, 102, 104; i5-97 

carbon monoxide 3-178 

carbon tetrachloride 3-178 

carboxylic acid 12-89, 173, 
116 

carcinogen 3-178 

Cardan, Jerome 19-47 

Cardano, Girolama 13-134 

cardiac glands 2-153 

cardiac muscle 2-101, 103, 
3-50, 178 

cardinal number 3-178 

cardinal points of compass 
3-178 

cardiogram 3-179 

cardiograph 3-179 

carnallite 10-48, 104 

carnivore 1-23, 25; 3-179; 
6-55, 80 

Carnot, Nicolas Léonard 
Sadi 17-96; 19-47 

carotene 3-179 

carotid artery 3-52, 179 

carpel 3-179 

carpus 2-104; 3-179 

Carrel, Alexis 19-42 

carrier 3-180 

carrier wave 3-180 

Cartesian coordinate 
system 3-180; 13-22, 25, 
75; 16-103; i13-24, 25-28, 
76,77 

cartilage 2-90; 3-180 

Carver, George Washington 
19-43 

Cascariolo, Vincenzo 10-94 

casein 3-127, 180 

Cassegrainian reflector 
3-180 i 

Cassini, Giovanni 
Domenico 8-58; 19-43 

Cassini’s division 3-181 

Cassiopeia (constellation) 
9-148 

cassiterite 3-181; 7-49; 
10-90 


165 / CENTER 


cassowary 2-24 

cast 3-181 

cast iron 17-46; i17-47, 48, 
49 

Castor (star) 19-125 

catabolism 3-181 

catadromous 3-181 

catalysis 3-181; 77-18 

catalyst 3-182; 11-13, 18; 
12-34; 112-34 

catastrophism 3-182 

caterpillar 1-27 

Cathaysea 5-107 

cathode 3-182 

cathode rays 3-182; 17-72 

cation 3-182; 7-151; 11-67 

Cauchy, Baron Augustin 
Louis 13-121; 19-43 

caudal 3-182 

caustic 3-182 

caustic soda 10-83 

Cavalieri, Francesco 
Bonaventura 19-44 

cave 7-138 

cave bear i6-114 

Cavendish, Henry 10-35, 
142; 16-141, 19-45 

Cayley, Arthur 19-46 

Cayley, Sir George 19-46 

cc. see cubic centimeter 

cecum 3-183 

ceiling 3-183 

celestial equator 3-183 

celestial mechanics 
3-183; 14-26 

celestial navigation 9-100 

celestial pole 3-183; 9-79, 
81 

celestial sphere 3-183; 8-7; 
9-79; i8-11 

celestite 10-94 

cell 1-9, 12; 3-88, 92, 96, 184; 
5-49; il-15, 3-69, 78, 79; 
5-32, 33 

cell chemistry 3-88, 92, 96 

cell differentiation 3-184 

cell division 3-184 

cell nucleus 3-84; i1-10; 
3-87 

cell membrane 3-76, 184 

cell organelles 3-81 

cell sap 3-184 

cells, plant 1-16 

cellular oxidation 3-143 


cellulose 1-16; 3-184; 11-15 

cellulose acetate 12-88, 117, 
130 

cell wall 3-185 

Celsius temperature scale 
3-185 

cement 3-185; 10-77 

Cenozaic era 6-38 

center 3-185 

center of curvature 3-185 


166 / CENTER 


center of gravity 3-185; 
16-91, 92, 94; 116-91, 92, 94 

center of mass 3-186 

Centigrade temperature 
scale 3-186 

centimeter 3-186 

centimeter-gram-second 
system 3-186 

central cylinder 3-186 

central nervous system 
1-56; 3-186; i1-59 

central volcanic eruption 
4-71 

centrifugal force 3-187 

centrifuge 3-187 

centriole 3-83 

centripetal force 3-187 

centrosphere 3-187 

cephalic 3-187 

cephalochordate 5-151 

cephalopod 5-108 

cephalothorax 3-187 

cepheid 3-187; 9-112 

Cepheus (constellation) 
9-146 

cerebellar cortex 2-118 

cerebellar peduncles 1-56 

cerebellum 1-56; 3-188 

cerebral cortex 2-116; 3-188 

cerebral hemisphere 3-188 

cerebrospinal fluid 1-56 
3-188 

cerebrospinal nervous 
system 3-188 

cerebrum 3-188 

Cerenkov see Cherenkov 

cereus 2-8 

cerite 10-135 

cerium 3-188; 10-135 

cervical 3-187 

cesium chloride 14-93 

cetaceans 2-58; 6-80, 83; 
i6-85 

Cetus (constellation) 
9-152 

Cgs see centimeter-gram- 
second system 

Chadwick, Sir James 14-34; 
19-47 

chain 3-189 

Chain, Ernst Boris 19-47 

chain reaction 3-189; 10-79; 
11-25, 26; 13-145; 18-32; 
113-145 

chalcanthite 7-34 

chalcedony 3-189 

chalcopyrite 10-43 

chalicotheres i6-88 

chalk 3-189 

Challis, James 8-64 

Chamberlain, Owen 79-48 

chance 3-190 

chance phenomena 13-139 

change of state 3-190; 
14-62, 71 


characteristic 3-190 

characteristics 3-190 

charcoal 3-190 

charge 3-190; 11-75 

Charles's law (see also 
Gay-Lussac's law) 3-192 

cheek pouch 3-192 

chelonians 6-10; i6-11 

Chelpin see Euler-Chelpin 

chemical 3-192 

chemical action 3-192 

chemical affinity 3-192 

chemical analysis 11-147, 
152, 157; 17-147 i11-147, 
148, 149, 151, 152, 154 

chemical bond 3-192; 11-80 

chemical change 3-192 

chemical combination 
4-162 

chemical element see 
element 

chemical energy 4-162 

chemical engineering 4-162 

chemical equation 4-162; 
11-22 

chemical equilibrium 4-162; 
11-22, 32 

chemical erosion 4-109 

chemical formula 4-162 

chemical kinetics 11-10 

chemical property 4-163 

chemical reaction 11-10, 22, 
24, 26, 29, 32 111-27 

chemical thermodynamics 
11-10 

chemical weathering 4-163 

chemiluminescence 4-163 

chemist 4-163 

chemistry Vol. 10; Vol. 11; 
Vol. 12; 1-99, 106; 4-163 

chemistry laboratory 12-6, 
10 

chemosphere 4-163 

chemosynthesis 4-163 

chemotaxis 4-164 

chemotherapy 4-164 

chemotroph 4-164 

chemotropism 4-164 

Cherenkov, Pavel 
Alekseevich 79-48 

chert 4-164 

Chiasmodon niger 1-48 

Chinese liver fluke 2-73, 75, 

Chinese water carriers 
16-90 

chinook 4-164 

chiropterans 2-58; 6-78 

chi-square 4-165 

chitin 3-93; 4-165; 5-125 

chlorate 4-165 

chloride 4-165 

chlorine 10-47, 155 

chlorine compounds 10-49 

chlorite 4-165 

chloroform 14-68 

chlorophyll 1-16; 4-166; 
5-85; 10-103; 11-88; 12-70; 
i5-86; 11-88 


chloroplast 1-17; 4-166 

choke coil 4-166 

cholesterol 4-166; 12-136 

Chondrichthyes 5-154 

chondrites 8-151 

chondrocytes 2-92 

chondroitin sulfate 2-88 

chonolith 4-64 

chord 4-166 

Chordata 4-166 

chordates 5-150 

choroid layer 1-52; 4-167 

chromatic 4-167 

chromatic aberration 4-167 

chromaticity diagram 16-50; 
i16-51, 52 

chromatid 4-167 

chromatin 4-167 

chromatography 4-167 

chromite 4-168; 10-66 

chromium 10-66 

chromoplasts 1-17 

chromosome 1-11; 2-31; 
3-99; 4-168; i3-135 

chromosome maps 3-117 

chromosphere 4-168; 8-110 

chronograph 9-87 

chronology 4-152; 4-168; 
chart 4-152, 153 

chronometer 4-168; 9-102; 
17-51, 55 

chrysalis 1-28; 4-168 

chyle 4-169 

chyme 4-169 

cicatrix 4-169 

cilia 2-81; 103; 158; 4-169 

cinder cone 4-169 

cinnabar 4-169; 10-95 

circle 4-169 

circuit 4-170 

circuit breaker 4-170 

circular measure 4-170 

circular mil 4-170 

circulating decimal 4-170 

circulatory system 3-49, 52; 
4-170 

circumference 4-171 

circumpolar star 4-171 

circumscribe 4-171 

cirque 4-72, 171 

cirrocumulus 4-171 

cirrostratus 4-171 

cirrus 4-172 

cislunar space 4-172 

cistron 3-120 

citrate 4-172 

citric acid 4-172; 12-110, 
112 

Clapeyron, B.P.E. 11-136, 
145 

Clapeyron-Clausius 
equation 11-145 

Clapeyron equation 11-136 

class 4-172 

classical mechanics 14-25; 
14-25 

classical problems 73-72 

Claus, C. 10-123 


Clausius, Rudolf 11-145; 
15-76; 17-96 

clavicle 2-104 

clay 4-172; 10-77 

clay minerals 4-172 

cleavage 3-26; 4-173 

Cleve, Per Teodor 10-135 

cleveite 10-142 

climate 1-34; 4-173; 6-23, 
65; 7-104 

climatic biome 4-173 

climatic zones 4-173 

climatology 1-34 

climax biome 4-173 

clinometer 4-173 

cloaca 4-174 

clock 9-87; 17-51, 55 

clock drive 4-174 

clone 4-174 

closed chain 4-174 

closed ecological system 
4-174 

clot 4-174 

cloud 4-175; 7-93, 116, 120, 
124; i7-97, 117, 118, 
120-128 

cloud chamber 4-175; 
14-46; 15-41 

cloud satellite 4-175 

cloud seeding 4-175 

cluster 4-175 

cluster of galaxies 9-57; 
i9-55 

cm. see centimeter 

coagulant 4-175 

coagulation 4-176 

coal 7-19, 67 

coalescence 4-176 

coal sack 4-176 

coal tar 4-176; 12-63 

coastal plain 4-176 

coastline 7-17; i4-140, 141; 
7-13 

coast ranges 4-176 

coaxial cable 4-176; 18-125 

cobalt 4-177; 10-20, 156 

cobaltite 10-20 

cobalt 60 4-177 

cobalt sulfate 10-50 

coccus 4-177 

coccyx 1-56: 2-104, 108, 111 

cochlea 2-134, 136; 4-177 

cochlear dust 2-135 

cockchafer i1-26 

Cockcroft, Sir John Douglas 
19-48 

cocoon 1-28; 2-78; 4-177 

code 4-177 

coefficient 4-178 

coefficient of linear 
expansion 4-178 

coefficient of restitution 
16-133 

coefficient of volume 
expansion 4-178 

coelenterate 1-67; 5-56; 
4-178 

coelom 4-178 


coelostat 9-67 
coenzyme 4-178 
coherence (light) 16-62 
cohesion 4-179 
Cohn Ferdinand Julius 
19-49 
coil 4-179; 115-95 
coke 4-179 
col 4-179 
cold air mass 4-179 
cold-blooded 4-179 
cold front 4-179 
colemanite 10-58 
Coleoptera 1-26 
collagen fibril 2-89 
collaginous fibers 2-88 
collarbone 2-104 
colliding galaxies 4-180 
collimator 4-180; 9-68; 
16-30; 116-30 
collinear 4-180 


colloid 3-77; 4-180; 14-142; 


114-144 

colloidal particles 14-142 

colloidal size 3-80; 4-180 

colloidal suspension 

14-145; i14-145, 146 

cologarithm 4-180 

colon 2-151; 4-181 

colony 4-181 

colony, termite 2-38 

color 16-46, 50, 54, 57; 
116-47, 48, 49, 51, 52, 53, 
54, 55, 59 

color blindness 4-181 

colorimeter 4-181; 16-50 

color (in chemical 
analysis) 11-147, 152, 
157; 111-152, 154 

color (in glass) 17-116 

color photography 18-64 

color reproduction i16-53 

color (theory) 16-54 

columbite 10-115 

columbium 10-115 

Columbus, Christopher 
6-141, 19-49 

columnar epithelium 2-81 

coma 4-181 

Coma Berenices 
(constellation) 9-66, 
134 

combinations 1-113 

combinations, law of 1-116 

Combinatorial analysis 
1-113 

combining weight 4-181 

combustion 4-182; 10-35; 
11-38; 111-38 

comet 4-182; 8-133, 139; 
13-45; i8-135, 136, 137, 
141, 142 

commensal 4-182 

commensalism 2-72 

Commission for Longitude 
Measurement 17-53 

common divisor 4-182 

common factor 4-182 


common-ion effect 4-182; 
11-123, 134 
common multiple 4-183 
communal 4-183 
communicable disease 
4-183 
communications satellite 
4-183 
commutative law 1-117; 
4-183 
commutator 4-184; 17-83 
companion cells 4-184 
comparative anatomy 4-184 
compass 4-184; 15-117 
complementary angles 
4-184 
complementary color 4-184; 
16-52, 58 
complete metamorphosis 
4-185 
complex fraction 4-185 
complex ion 4-185 
complex mountains 4-185 
complex number 4-185 
complex salt 4-185 
component 4-186 
composite cone 4-186 
composition 4-186 
composition of 
accelerations i16-103 
composition of 
displacements 16-102, 
106; 116-108 
composition of forces 
4-186; 16-90; 116-91, 92 
composition of motion 
16-102; i16-102, 103, 105 
compound 4-186; 11-8 
compound eye 4-186 
compound fracture 4-186 
compound interest 13-137 
compound leaf 4-187 
compound microscope 
1-14; 4-187; 17-154 
compound number 4-187 
compression 4-187 
compressional waves 3-19; 
4-19 
compressor 4-187 
Compton, Arthur Holly 15-34; 
19-50 
Compton effect 15-33, 34 
computer 4-187; 17-58, 61, 
65, 68, 70; i17-60, 62, 63, 
64, 71, 72 
concave 4-187 
concave meniscus 11-114 
concavo-concave 4-188 
concavo-convex 4-188 
conceive 4-188 
concentration 4-188; 11-120 
concentric 4-188 
conception 4-188 
conceptual definition 4-188 
concha 4-188 
conchoidal fracture 4-189 
concordant intrusions 4-59 
concrete 10-39 


concrete number 4-189 

concretion 4-189 

condensation 4-189; 
14-65 

condensation nucleus 
4-189 

condensation polymer 
4-189 

condensed acid 4-189 

condenser 4-189 

conduction 15-49 

conductivity (in crystals) 
15-155, 156 

conductivity (of metals) 
15-112 

conductivity (of water) 
11-53 

conductor 4-189; 15-111, 
131 

cone 4-190 

cones 1-53; 4-190 

configuration 4-190 

congenital 4-191 

conglomerate 4-191; 7-82 

congruent 4-191 

conic map projection 4-191 

conic section 4-191; 13-40; 
i13-41 

conics 13-40, 44; 113-41, 42, 
45, 46, 47 

conidiospores 3-19 

conifer 1-20; 2-12, 13; 3-12; 
4-191; i5-133, 135 

conjugate 4-191 

conjugated proteins 3-129 

conjugation 5-162 

conjunction 5-162 

conjunctiva 5-162 

connective tissue 2-88; 
5-162; i2-90 

connectivity 13-103 

conodont 5-162 

consanguinity 3-24 

conservation 5-162 

conservation of energy 
1-129; 5-162; 15-73; 16-123 

conservation of mass 5-163; 
11-22 

conservation of matter 
5-163; 11-22 

conservation of momentum 
5-163 

constant 5-163 

constellation (see also 
specific names) 5-163; 
9-94, 121-156; 19-95, 96 

constituent 5-164 

constrictor 5-164 

constructional land form 
5-164 

contact 5-164 

contact lens 5-164 

contact metamorphism 
5-164 

contact print 5-164 

contagious 5-165 

contaminate 5-165 

continent 5-165 


167 / CORK 


continental air mass 5-165 

continental drift 4-50; 6-20; 
i6-20, 22 

continental glaciers 5-165 

continental shelf 5-165; 
6-147, 152; 7-11; i4-57; 
6-105 

continental slope 5-165 

continuous slope 5-165 

continuous spectrum 5-166 

contour 5-166 

contour feathers 2-84 

contour line 5-166 

contractile vacuole 2-158; 
5-166 

contraction 5-166 

control 5-166 

control experiment 5-166 

control rod 5-167 

control surface 5-167 

conus medularis 1-56 

convection 5-167; 15-49 

convection, solar 1-92; 
15-58; i1-93 

convection currents 15-58; 
i15-59, 60 

convection motor 15-59 

converge 5-167 

convergent evolution 5-25, 
167 

converse theorem 5-167 

conversion 5-167 

converter 5-168 

convertiplane 5-168 

convex 5-168 

convolutions 5-168 

Cook, James 6-139, 142; 
19-50 

coordinate 5-168 

coordination 5-168 

coordination compounds 
5-169 

copepods 2-66 

Copernican system 5-169; 
8-28; 14-13 

Copernicus, Nicolaus 8-21, 
27; 14-14; 19-51 

copolymer 5-169 

copper 5-169; 10-43, 158 

copper sulfate 10-46 

coquina 5-169 

coral 2-25; 5-169 

coral reef 2-25; i2-29 

cordillera 5-169 

core 5-170 

core memory 5-170 

Cori, Carl Ferdinand 19-52 

Cori, Gerty Theresa Radnitz 
19-52 

Coriolis, Gaspard Gustave 
de 16-105 

Coriolis effect 5-170; 
16-104, 105 

cork 1-14, 16; 3-7,9 


168 / CORKSCREW 


corkscrew rule 15-93 
cornea 2-131; 5-170 
corolla 5-170 
corollary 5-170 
corona 1-95; 5-171; 9-84; 
i7-91 
Corona Borealis 
(constellation) 9-137 
coronagraph 5-171; 8-116; 
9-84 
coronary arteries 5-171 
corpora quadrigemina 1-57 
corpuscle 1-9, 14; 5-171 
corpuscular radiation 5-171 
corpuscular therory of light 
5-171; 15-148 
correlation 5-171 
corrosion 5-172 
corrosive sublimate 10-96 
Corson, Dale R. 10-119 
cortex 3-8; 5-172 
cortin 5-172 
cortisone 2-138, 139 
corundum 5-172; 7-48; 
10-30, 66 
Corvus (constellation) 9-132 
cosecant 5-172 
cosine 5-172; 13-113 
cosmic dust 5-173 
cosmic rays 5-173; 14-30; 
15-39 
cosmogony 5-173 
cosmology 5-173 
cosmonaut 5-173 
cosmotron 5-173 
Coster, D. 10-133 
cotangent 5-174 
cotyledon 5-174 
coulomb 5-174 
Coulomb, Charles Augustin 
de 15-140; 19-52 
Coulomb's law 5-174; 
15-115, 120, 140 
coulometer 5-174 
counter 5-174 
counterbalance 5-174 
counterglow 5-175 
Cournand, André Frédéric 
19-53 
Courtois, Bernard 10-138 
covalent bond 5-175; 11-17, 
81; 14-78 
covellite 10-44 
coverts 2-85 
Cowper 17-31 
Crab Nebula 5-175; 8-154 
cracking 5-175 
Crafts, J. M. 11-146 
cranial 5-175 
cranial cavity 5-176 
cranium 1-68; 5-176; i1-70 
crankshaft 18-148; i18-149 


crater 5-176; 8-97, 151; 
i8-98, 99, 100 

Crater (constellation) 9-132 

cream of tartar 12-112 

creosote 5-176 

crepe ring 5-176 

crescent 5-176 

Cretaceous fauna 6-25, 26 

Cretaceous flora 6-29; i6-29 

Cretaceous forest i6-31 

Cees period 6-23, 26, 
2 

crevasse 5-176 

Crewe, Albert Victor 19-53 

Crick, Francis Harry 
Compton 79-54 

critical altitude 5-177 

critical angle 5-177 

critical mass 18-32 

critical pressure 5-177 

critical temperature 5-177; 
14-66 

critical volume 5-177 

crocidolite 10-77 

crocodile 6-18 

crocoite 10-66 

Cro-Magnon man 5-177; 
6-130 

Cronstedt, Axel F. 10-21 

Crookes, Sir William 10-130 

crookesite 10-130 

Crooke's tube 5-178 

crossbreeding 5-178 

crosscutting relationships 
5-178 

crossing-over 3-113; 5-178; 
i3-114 

crossopterygians 5-155 

cross-pollination 3-40; 
5-178 

cross ratio 13-86 

cross section 5-178 

crow feather 2-87 

crucible 5-179; 14-101 

crust 5-179 

crustal movements 4-90 

cryogenics 5-179; 10-70; 
15-81, 84, 87 

cryolite 10-30, 48, 82 

cryoscopic constant 14-69 

cryoscopic measurements 
14-70, 139 

cryostat i15-88 

crystal 5-179; 11-84; 


14-80 to 110; 16-66; i7-59, 
60, 61; 14-85, 86, 87, 92, 
94, 96, 97, 100, 101, 104, 


105, 108, 109, 110 
crystal lattice 11-124, 132 
crystalline 5-179 
crystalline combinations 

14-106; i14-108, 109 
crystalline defects 14-110; 
i14-110 
crystallization 5-179; 74-80, 
88; 114-81, 82, 83 
crystallographic method 
i14-60 


crystallography 5-180; 
14-80 to 110 

crystalloids 3-77; 5-180 

cube 5-180 

cube root 5-180 

cubic centimeter 5-180 

cubic equation 5-180 

cubic measure 5-180 

cuboidal epithelium 2-81 

Cullinan diamond 10-149 

culture 5-181 

culture medium 5-181 

cumene process 12-134 

cumulonimbus 5-181; 7- 
116, 126 

cumulus 5-181; 7-116, 124 

Cunningham's comet 
18-135 

cupric 5-181 

cuprite 5-181 

curie 5-181; 10-118 

Curie, Irène 
see Joliot-Curie 

Curie, Marie 10-118; 19-54 

Curie, Pierre 10-118; 15-14; 
19-54 

Curie temperature 15-105 

curium 5-182 

current 5-182; 6-757; 7-12; 
i7-108 

current density 5-182 

current ripple marks 5-182 

cuspids 2-112; 5-182 

cutaneous glands 1-63 

cuticle 5-182 

cutin 1-16; 3-8 

cutoff 5-182 

cuttlefish 2-132 

cuttlefish eggs 2-27 

Cuvier, Baron George 
Léopold Crétien 
Frédéric Dagobert 5-17; 
6-34; 19-55 

cyan 16-58 

cyanogen 1-79 

cybernetics 5-183 

cycle 5-183 

cycle of erosion 5-183 

cyclic amines 12-96 

cyclic compounds 12-67; 
112-68 

cyclobutane 12-68 

cyclohexane 12-69 

cyclone 5-183 

cyclopentane 12-68 

cyclostomes i5-89 

cyclotron 5-183; 18-36 

Cygnus (constellation) 
9-147 

cylinder 5-184 

Cynogathus i6-16 

cyst 5-184 

cytochrome 5-184 

cytogenics 5-184 

cytology 5-184 

cytoplasm 1-9; 3-76; 5-184; 
i3-87 


D 


Daguerre, Louis Jacques 
Mandé 19-56 

Dale, Sir Henry Hallett 79-57 

D'Alembert, Jean le Rond 
17-124; 19-57 

D’Alembert's paradox 
14-128 

Dalén, Nils Gustaf 19-58 

Dalton, John 7-110; 14-56; 
19-58 

Daltonism 5-185 

Dalton's law 1-103; 5-185; 
7-98 

dam 1-135; 14-116; i1-137 

Dam, Carl Peter Henrik 
19-59 

damp 5-185 

damping 5-185; 16-100, 101 

Dana, James Dwight 19-59 

Daniell cell 5-185; 11-71 

dark-field illumination 
5-186 

dark-line spectrum 5-186 

dark nebula 5-186 

dark star 5-186 

D'Arsonval, Jacques Arsene 
17-103 

Dart, Raymond A. 6-124 

Darwin, Charles Robert 
5-18, 19; 19-59 

Darwinism 5-186 

date line 5-187 

dating of rocks 4-147, 149 

daughter cell 3-104; 5-187 

daughter element 5-187 

Da Vinci, Leonardo 3-156; 
18-100; 19-60 

Davisson, Clinton Joseph 
19-62 

Davy, Sir Humphry 10-38, 
47, 58, 82, 92, 103, 112; 
15-73; 19-62 

day 5-187 

DC see direct current 

DDT 5-187 

dead reckoning 5-187 

De Benedetti-Richings 
experiment 16-8 

Debierne, A. L. 10-150 

de Boer, J. H. 10-133 

De Broglie, Prince Louis 
Victor Pierre Raymond 
16-30; 19-63 

De Broglie waves 16-30 

De Buffon, Comte see 
Buffon 

Debye, Peter 15-82; 19-64 

Debye temperature 15-158 

decagon 5-187 

decahedron 5-187 

De Candolle see Candolle 

decantation 5-188 

decay 5-188 


decay rate 5-188 

decay series 5-188 

deceleration 5-188 

decibel 5-188; 16-69 

deciduous 5-189 

deciduous trees 1-20 

decimal fraction 5-189 

decimal system 5-189; 13-7 

declination 5-189 

declination axis 5-189 

decompose 5-189 

decomposer 5-190 

decomposition 11-13 

decompression 5-190 

decompression chamber 
5-190 

decontaminate 5-190 

De Coulomb see Coulomb 

decrement 5-190 

decuple 5-190 

deduct 5-190 

deduction 5-191 

deductive method 5-191 

deep 5-191 

defense mechanism 5-191 

deferent 5-191 

De Fermat see Fermat 

deficiency 6-162 

deficiency disease 6-162 

definite composition 6-162 

definite proportions 6-162 

deflagration 6-162 

deflation 6-162 

deflection 6-162 

deflocculation 6-163 

De Forest, Lee 19-64 

deformation 6-163 

degeneration 6-163 

degradation 6-163 

degradation of energy 6-163 

degree 6-164 

degrees of freedom 11-130; 
16-84 

de Haas-van Alphen 
experiment 15-106 

De Hevesy see Hevesy 

dehiscent 6-164 

dehydration 6-165; 11-149 

Deimos 8-43 

deionization 6-164 

De la Cosa, Jean 6-138 

De Laplace see Laplace 

De Laval, Carl 18-21 

Delbrück, Max 79-65 

De Lesseps see Lesseps 

Delian problem 13-73 

deliquescence 6-164 

Delphinus (constellation) 
9-147 

Del Rio, Andres Manuel 
10-28 

delta 6-164 

delta wing 6-164 

deltoid 6-165 

demineralization of water 
7-149 

Democritus 1-130; 14-31; 
19-65 


demodulation 6-165 

De Monet see Lamarck 

demulsifier 6-165 

denature 6-165 

dendrite 1-56; 2-121; 6-165 

dendritic 6-165 

denominator 6-166 

density 4-25; 6-166 

density current 6-166 

dentine 2-115; 6-166 

dentition 6-166; i2-114 

dentrification 6-166 

denudation 6-166 

deoxidize 6-167 

deoxygenation 6-167 

deoxyribonucleic acid (DNA) 
1-11; 2-140; 3-84, 102, 119; 
6-167 

dependent variable 6-167 

depolarize 6-167 

deposit 6-167 

deposition 6-168 

depression 6-168 

depressor 6-168 

depth of field 6-168 

derivative 6-168 

derivatives (mathematical) 
13-123; 113-125 

derived quantity 6-169 

derived unit 6-169 

dermatoid 6-169 

dermis 1-61; 6-169 

dermis (of birds) 2-84 

Dermoptera 6-79 

desalinization 6-169 

Descartes, René 13-22, 25, 
74, 120; 19-66 

descendant 6-169 

descriptive geometry 13-92; 
113-95 

desensitize 6-169 

desert 2-7; 6-170; i2-8; 
4-103 

desert fauna 2-7 

desert flora 2-7; i2-8 

desiccate 6-170 

desmid 6-170 

desmoid 6-170 

desorption 11-128 

destructive distillation 
6-170 

detector 6-170 

deterge 6-171 

detergents 6-171 

determinant 6-171 

detonation 6-171 

detonator 6-171 

detritus 6-171 

deuterium 6-171; 10-12 

deuteron 6-172 

developer 6-172 

deviation 6-172 

Devonian period 2-25; 5-66, 
68, 70, 75; i5-66, 68, 71, 76 

De Vries, Hugo 19-67 

dew 6-172 

Dewar flask 6-172 

dew point 6-173 


dextrin 6-173 

dextrose 6-173 

diabetes 2-141 

diadromous 6-173 

diagenesis 6-173 

diageotropism 6-173 

diagonal 6-174 

dialysis 6-174 

diamagnetism 6-174; 
15-100 

diameter 6-174 

diamond 6-174; 10-146; 
14-92; 110-148 

diaphragm 2-98; 6-174 

diarthrosis 1-68 

diastase 6-175 

diastole 3-49; 6-175 

diastolic blood pressure 
6-175 

diastrophism 6-175 

diathermy 6-175 

diatom 5-130; 6-175 

diatomaceous earth 6-176; 
10-76 

diatomic 6-176 

diatomic molecule 11-101, 
104 

diatom ooze 1-46 

diazo compounds 6-176 

dibasic 6-176 

dibasic sodium phosphate 
10-23 

Dibranchiates 5-111 

dice 13-131 

dichogamy 3-39 

dichotomous 6-176 

dichroism 16-66 

dichromatic 6-176 

dicot 3-10 

dicotyledon 6-176 

dielectric 6-176; 15-131, 
134, 152; 115-132, 153 

dielectric constant 15-134, 
152 

Diels, Otto Paul Hermann 
19-67 

diencephalon 1-57; 6-177 

dienes 12-50 

Diesel, Rudolf 19-67 

diesel engine 6-177 

Dietz, R. 4-52 

difference 6-177 

differential 6-177; 13-126 

differential weathering 
6-177 

differentiate 6-177 

diffluent 6-178 

diffraction 6-178; 14-27; 
16-27; 16-28, 29 

diffraction grating 6-178 

diffuse nebula 6-178; 8-753 

diffusion 6-178; 11-124; 
44-132; 15-38; 16-14, 18; 
i11-124; 16-15, 16, 17, 18, 
19, 20 

digastric 6-178 

digest 6-178 y 

digestion 2-148; 3-42; i3-43 


169 / DISK 


digestive enzymes 6-179 

digestive fluid 6-179 

digestive glands 2-152 

digestive organ 6-179 

digestive system 2-148; 
6-179; i2-150 

digit 6-179 

digital computer 6-180 

digitalis 6-180 

dihedral 6-180 

dihybrid 6-180 

dike 14-116; i4-63 

dilation 6-180 

diluent 6-180 

dilute 6-170 

dilute solution 14-739 

dimer 6-181 

dimerous 6-181 

dimorphism 6-181 

dinoflagellate 4-18 

dinosaur 5-122, 136, 141; 
6-7, 16, 26, 33, 36; i5-147, 
6-28, 34 

dinosaur eggs i5-136 

diode 6-181; 15-23; 17-74 

diode receiver 18-75 

dioecious 6-181 

Diophantus 79-68 

diopter 6-181 

dioptrics 6-182; 16-36; 
116-36, 38, 39 

dip 6-182 

dipole i18-18, 19 

diphenyl 12-74 

diploblastic 6-182 

diploid number 6-182 

diploids 2-32 

dip needle 6-182 

dipole 6-182; 11-83; 15-122; 
17-15, 76; i17-16, 77, 78; 
18-18 

dipterous 6-182 

Dirac, Paul Adrien Maurice 
14-53; 19-70 

direct current 6-183; 15-140 

direct metamorphosis 6-183 

direct proportion 6-183 

directrix 6-183 

Diretmus argenteus 1-46 

Dirichlets’ problem 15-121 

disaccharide 6-183 

disc 6-184 

discharge 6-184; 11-75; 
15-149 

disconformity 6-184 

discontinuity 6-184; 15-28 

discontinuous distribution 
6-184 

discordant intrusions 4-63 

discrete 6-184 

disease 3-72 

disinfectant 6-184 

disintegration 6-185 

disk 6-185 


170 / DISLOCATION 


dislocation 6-185 

dislocations (crystalline) 
14-103; 114-104, 105 

dismutation 10-145; 11-43 

dispersal 6-185 

dispersion 6-185 

displace 6-185 

displacement 16-102, 106; 
i16-106, 108 

dissection 6-186 

dissipation 6-186 

dissociation 6-186 

dissolve 6-186 

distal 6-186 

distemper 6-186 

distillate 6-186 

distillation 6-187; 12-82; 
14-69; 17-79; i17-82 

distilled water 6-187 

distributary 6-187 

distribution (law of) 11-123 

diurnal 6-187 

divergence 6-187 

divergent 6-188 

diverging lens 6-188 

diverticulum 6-188 

divide 6-188 

division 13-13 

division of labor 6-188 

divisor 6-188 

DNA see deoxyribonucleic 
acid 

Dobzhansky, Theodosius 
19-70 

Doisy, Edward Adelbert 
19-70 

doldrums 6-189 

dolomite 6-189; 10-103 

dolphin 6-83 

Domagk, Gerhard 19-77 

domain 6-189 

dome 6-189 

dominance principle 6-189 

dominant trait 3-23; 6-189 

donkey i6-118 

Doppler, J. C. 16-73 

Doppler effect 6-190; 8-122; 
9-112; 16-73; 116-74, 75 

Doppler shift 6-190 

dormant 6-190 

dorsal 6-190 

dorsiventral 6-190 

dosimeter 6-190 

double bond 6-191 

double fertilization 6-191 

double refraction 6-191 

double replacement 6-191 

double salt 6-191 

double stars 6-191 

down feathers 2-84 

downhill orbit 7-162 

Down's syndrome 1-11 

downwarp 7-162 


Dow process 7-162 
Draco (constellation) 9-140 
drag 7-162 
drainage 7-162 
Drake, Edwin L. 18-44 
dram 7-162 
Draper, Henry 9-14; 19-77 
Draper classification 7-162 
dregs 7-163 
drier 7-163 
Driesch, Hans Adolf Eduard 
19-71 
drift 7-163 
driftless area 7-163 
drilling (for oil) 18-52; 
i18-52, 53, 54, 55, 56, 
57 
dripstone 7-164 
drone 2-48, 50; 7-164 
Drosophila 2-30; i3-115, 116, 
117, 135 
drought 7-164 
drowned valley 7-164 
drug 7-164 
drumlin 7-164 
drupe 7-164 
druse 14-108 
dry-bulb temperature 7-165 
dry cell 7-165; 11-73 
dry chemical analysis 11-147 
dry-fuel rocket 7-165 
dry ice 7-165 
dry measure 7-165 
dualistic theory 11-80 
duck, wild 2-65 
duck-billed dinosaur 6-37 
duckmole 2-53 
duct 7-165 
ductility 7-166 
ductless gland 7-166 
Dufton column 17-80 
Dumont, Allen Balcom 19-71 
dune 7-166 
Dunham, T., Jr. 8-62 
dunite 4-27 
Dunthorne, Richard 8-115 
duodecimal system 7-166 
duodenum 2-149; 7-166 
duplication 7-166 
dura mater 1-56; 7-166 
duramen 7-167 
dust (in atmosphere) 7-89 
dust-cloud hypothesis 7-167 
Du Vigneaud 
see Vigneaud 
dwarf star 7-167 
dynameter 7-167 
dynamic equilibrium 7-167; 
11-120, 129 
dynamics 7-167; 16-113 
dynamite 7-168 
dynamo 7-168; 17-83 
dynamoelectric 7-168 
dynamometer 7-168 
dyne 1-89; 7-168 
dyscrasite 10-107 
dysprasium 10-135 
dystrophy 7-168 


È 


Eads, James Buchanan 
19-72 

ear 2-134; i2-135 

eardrum (see also tympanic 
membrane) 7-169 

Earth Vol. 4; 6-13; 7-169; 
8-14, 27; i4-24, 26 

Earth measurement 6-13; 
i6-14 

earthquake 4-43, 47; 7-169; 
i4-46, 47 

earthquake belt 7-169 

Earth satellite 6-13; 7-169 

Earth science Vol. 4; Vol. 5; 
Vol. 6; Vol. 7; 1-72; 7-169 

Earth's crust 4-28, 4-96; 
i4-29 

earthshine 7-170; 8-92 

Earth's orbit 8-12, 16, 27 

earthworm 1-28; 2-159 

ebullioscopic constant 14-69 

ebullioscopy 14-139 

eccentricity 7-170; 8-30 

Eccles, Sir John Carew 
19-72 

eccrine glands 1-63 

ecdysone 3-133 

echidna 2-23, 53, 56 

echinoderm 5-57, 58, 61; 
i5-58 

echo sounder 6-148 

eclipse 7-170; 8-174; 9-84; 
i1-96, 97, 98 

eclipsing binary 7-170 

ecliptic 7-170 

ecology 7-170 

eosphere 7-170 

ecosystem 7-171 

ecotone 7-171 

ectoderm 7-171 

ectoparasitic 7-171 

ectoplasm 7-171 

edaphic biome 7-171 

Eddington, Sir Arthur 
Stanley 9-27; 19-72 

eddy currents 7-171; 15-99 

edentates 6-80 

Edison, Thomas Alva 17-85; 
19-73 

Edison effect 7-171 

Edison storage battery 11-79 

eel 2-70 

effector 7-172 

efferent nerves 7-172 

effervescence 7-172 

efficiency 7-172 

efflorescence 7-172 

effusion 7-172 

Egas Moniz see Moniz 

egestion 7-173 

egg 3-25; 7-173 

egret 1-40; 2-65 

Ehrlich, Paul 19-76 


Eigen, Manfred 19-77 

Eijkman, Christiaan 19-77 

Einstein, Albert 10-79; 11-30; 
14-9; 15-148; 16-60, 141, 
144, 147; 19-77; 

Einstein shift 7-173 

Einthoven, Willem 19-78 

ekasilicon 10-120 

ekatantalum 10-151 

Ekeberg, A. 10-115 

Ekman, Vagn Walfrid 19-78 

Elasmobranchs 5-154 

elastic cartilage 2-92 

elastic collision 7-173 

elasticity 7-173 

elastic limit 7-173 

elastic scattering 15-35 

E layer 7-173 

elbow 1-68 

electrical conduction 7-174 

electrical engineering 7-174 

electrical precipitator 7-174 

electrical repulsion 7-174 

electrical resistance 7-174; 
15-137; 17-87; 117-88 

electric arc 15-149 

electric cell 7-174 

electric charge 7-175; 15- 
149 

electric circuit 7-175 

electric current 7-175; 
15-111, 136, 140; 115-141, 
143 

electric discharge 15-149 

electric eye 7-175 

electric field 7-175; 15-93, 
116 

electric generator 7-175 

electricity 7-86; 7-175 

electric motor 7-176; 15-92 

electric potential 
(measurement) 15-123; 
15-123, 124 

electric power 1-140; 7-176 

electric susceptibility 15-135 

electrify 7-176 

electrocardiograph 3-49; 
7-176 

electrochemical cells 11-67, 
71, 75; i11-73, 74 

electrochemical equivalent 
7-176 

electrochemistry 7-176; 
11-67, 71; i11-68 

electrode 7-177; 11-67; 
15-150 

electrodialysis 7-152 

electrodynamics 7-177 

electroencephalograph 
7-177 

electrojet 7-177 

electrokinetics 7-177 

electroluminescent 7-177 

electrolysis 7-177; 17-153 

electrolyte 7-178; 11-67 

electrolytic cell 11-67; 111-68 

electromagnetic cascade 
16-124 


electromagnetic field 7-178; 
11-29 

electromagnetic induction 
7-178; 15-96; i15-97, 98, 
99 

electromagnetics 15-117 

electromagnetic spectrum 
7-178; 11-29; 15-7; 115-8, 9, 
10 

electromagnetic waves 
17-14 

electromagnetism 7-178 

electrometallurgy 17-151 

electrometer 7-179 

electromotive force 7-179; 
11-72; 15-96 

electromotive series 7-179 

electron 1-101; 7-179; 14-27, 
31; 15-111 

electron charge 14-31 

electron cloud 7-179 

lectronegative element 

7-179; 14-16 

lectron flow 15-111 

lectron gun 7-180 

lectronic computer 7-180 

lectronic data processing 

7-180 

lectron microscopy 3-157; 

7-180; 18-7; 118-9 

lectron optics 17-89 

ectron shell 7-180 

lectron tube 7-180 

lectron volt 7-181 

ectrophoresis 3-129; 7-181 

lectroplate 7-181; 10-68; 

11-70 

eas 7-181; 15-39, 

ectrostatic generator 7-181 

electrostatic potential 

15-120; 115-121, 122 

ectrostatics 7-181; 15-114, 

126 

ectrostatic theory 11-80 

Spores unit 7-182; 14- 
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electrovalence 7-182; 11-16 

element Vol. 10; 1-77; 7-182 

elementary charge 14-31 

elementary particle 7-182; 

14-28; j14-29 

elements in sun i1-77 

elevation 7-182 

elimination 7-182 

ellipse 7-183 

ellipsoid 7-183 

ellipticity 7-183 

elongation (measurement) 
16-134 

elongation of a planet 7-183 

Elton, Charles Sutherland 
19-79 

eluviation 7-183 

emanation 7-183 

embryo 1-9; 7-183; i3-32, 33 

embryology 3-25, 29, 34; 

7-184; 3-25 


embryonic membranes 3-36 
emeralds 7-30; 10-66 
emergence 7-184 
emerging earth 4-53 
emetic 7-184 


EMF see electromotive force 


emigration 2-62 

emission power 15-53 

emission spectrum 7-184 

empirical 7-184 

empirical formula 7-185 

empirical functions 13-128 

emu 2-24 

emulsifiers 14-147 

emulsify 7-185 

emulsion 7-185; 14-143, 147 

enamel 7-185 

enantiomers 12-40 

encephalon 1-56; 7-185 

encysted 7-185 

endemic 7-185 

endergonic reaction 3-136 

Enders, John Franklin 19-79 

end moraine 7-185 

endocrine gland 7-186 

endocrine system 2-137 

endocrinology 7-186 

endoderm 7-186 

endodermis 7-186 

endolymph 2-134; 7-186 

endoparasitic 7-186 

endoplasm 7-186 

endoplasmic reticulum 1-9 
3-81 

endoskeleton 7-187 

endosperm 7-187 

endothelium 7-187 

endothermis 7-187 

endotoxin 3-73; 7-187 

end point 7-187 

energy (see also specific 
forms) 1-126; 7-187; 
16-123; 127; i1-127 

energy level 7-187; 14-18 

engine 7-188; 17-93, 96, 
106; 117-97, 98, 99, 100, 
101 

engineering 7-188 

enteron 7-188 

enthalpy 7-188 

entomology 7-188 

entropy 7-188; 15-77, 79, 80 

enucleate 7-188 

environment 7-189 

enzymatic reaction 3-142; 
i8-140, 141 

enzyme 2-149, 154; 3-42, 
136, 140; 7-189; 12-93; 
i3-141 

Eocene epoch 6-38, 45, 50, 
53; i6-47, 48, 49 

eolian 7-189 

eolian erosion 4-109 

eon 7-189 

ephemeral 7-189 

ephemeris 7-189 

epicenter 7-187 

epicoty! 7-190 


epicycle 7-190 

epidemic 7-190 

epidermis 1-60; 7-190 

epidermis (bird) 2-84 

epidermis (plant) 1-16 

epigeal 7-190 

epiglottis 2-149; 7-190 

epinephrine 7-190 

epiphyte 1-31, 7-191 

epistasis 3-123 

epitaxial layer 18-146 

epithelial tissue 2-87, 144 

epithelium 2-81; 7-191; 
i2-82 

epoch 6-38; 7-191 

epoxy 12-88 

Epsom salt 10-103 

equality 13-20 

equation 7-191; 12-20 

equation of state 1-92 

equation of time 7-191 

equator 7-191 

equatorial telescope 8-162; 
i9-73 

equilateral 8-162 

equilibrium 2-134, 8-162; 
16-87, 90, 93, 96; \16-89, 
94 

equilibrium (chemical) 
11-32, 117, 120, 129, 139, 
142; 12-142 

equilibrium diagrams 11-129 

equilibrium (thermal) 15-68 

equilibrium 
(thermodynamic) 15-72 

equinox 8-162; i8-31 

equivalent 8-162 

Equuleus (constellation) 
9-147 

era 8-162 

Eratosthenes 13-50, 73, 
19-79 

erbium 10-135 

erg 1-89, 126; 8-163 

ergot 8-163 

Eridanus (constellation) 
9-156 

Erlanger, Joseph 19-80 

erosion 4-103, 107, 109, 
115, 118, 121, 123; 7-11; 
8-163; i7-13 

eruptions 4-75, 78, 81 

erythrite 10-85 

erythrocyte 8-163 

escape velocity 8-163 

escarpment 8-163 

esker 8-163 

esophagus 2-149, 150, 


8-164 
ester 8-164; 12-88, 89 
esterification 8-164 
estivate 8-164 
estrogen 8-164 
estuary 8-164 y 
esu see electrostatic unit 
etching 8-164 
ethane 12-45, 148 
ether 8-165; 12-86 


171 / EXPLOSIVE 


ethyl alcohol 12-30, 78, 82 

ethylene 11-21, 12-46, 47, 
144 

ethylene glycol 8-165; 
12-145 

Etna, Mount 4-82 

Euclid 13-50, 66, 19-80 

Euclidean 8-165 

Euclidean geometry 1-111, 
13-66 

eudiometer 8-165 

Eudoxus 19-87 

eugenics 8-165 

Euler, Leonhard 13-51, 64, 
153; 19-81 

Euler, Ulf Svante von 19-82 

Euler-Chelpin, Hans Karl 
August Simon von 19-82 

Euler's formula 13-104, 116 

Euler's line 13-64 

Euramerican province 5-105 

europium 10-135 

Eustachian tube 2-134, 
8-165 

eutectic temperature 11-139 

eutectics 11-141 

euthenics 8-166 

eutherians 6-76 

eutrophication 10-39 

euxenite 10-115 

Evans, Oliver 19-82 

evaporate 8-166 

evaporation 11-129, 144; 
14-64, 65, 71 

evection 8-166 

even function 8-166 

evening star 8-166 

even parity 8-166 

evergreen 8-167 

evolution Vol. 5; 4-8; 5-16, 
19, 22; 6-44, 60, 73, 123, 
126; 8-167 

evolutionary theory 5-16 

excitation 8-167 

excitons 16-63 

excretion 8-167 

exergonic reaction 3-136 

exfoliation 8-167 

exhaustion 8-167 

exhaust velocity 8-167 

exocrine 8-168 

exoskeleton 8-168 

exosphere 8-1 

exothermic 8-168 

exotoxin 3-73, 8-168 

expanding universe 1-88; 
8-168 

expansion 8-168 

experiment 8-169; 14-9 

expiration 8-169 

explosion 8-169 

explosive distance 15-150 
i15-151 


172 / EXPONENT 


exponent 8-169; 13-17 

exponential equation 8-169 

exponential function 
13-116, 129, 144 

exponential growth 13-144 

extensive magnitude 15-47 

extensor muscle 2-94; 8-169 

exterior angle 8-169 

exterior system 8-170 

extinct 8-170 

extract 8-170 

extragalactic nebulas 1-85; 
8-153, 170 

extrapolation 8-170; 73-148 

extrusive 8-170 

eye 1-52; 2-129; 8-170; 
16-31; 12-130 

eye muscle 2-100 


F 


°F 8-171 
Fabre, Jean Henri 19-83 
face 8-171 
facet 8-171 
facies 4-146 
facsimile transmission 
(18-117 
factor 8-171 
facula 8-109, 171 
Fahrenheit temperature 
scale 8-171 
Falconiformes 1-38 
fallout 8-172 
falls 8-172 
false ribs 8-172 
family 8-172 
family tree 3-22 
fang 8-172 
fanjet 18-22 
farad 8-173; 15-129 
faraday 8-173; 11-70; 14-32 
Faraday, Michael 11-69; 
12-140; 15-96; 17-84; 
19-83 
Faraday cage 15-144 
Faraday-Neumann law 
15-97 
Faraday's laws 8-173; 11-69 
farsighted 8-173 
fasciculi 2-100 
fast reactor 18-31, 43 
fat 3-94; 8-173 
fathom 8-174 
fatigue 8-174; 16-58 
fatty acids 8-174 
fault 4-95; 6-151; 8-174; 
18-46; i4-43, 95, 98 
fauna (see also desert, 
mountain, etc.) 2-7, 16, 
21; 8-174 


feather 1-38; 2-84; i2-87 

feces 2-151 

feedback 8-174 

feldspar 7-24, 25; 8-175; 
i4-156 

female 8-175 

femur 2-107 

fergusonite 10-117 

Fermat, Pierre de 13-51; 
19-84 

fermentation 8-175 

Fermi, Enrico 10-14, 81; 
14-34; 19-84 

Fermi-Dirac distribution 
15-113 

fern 1-33; i5-95 

Ferraris, Galileo 19-85 

ferrite 8-175 

ferroalloys 8-175 

ferromagnesium 8-175 

ferromagnetic 8-176 

ferromagnetic domains 
15-108; 115-109, 110 

ferromagnetism 15-100, 
105; i15-106,107 

ferromanganese 10-127 

ferromolybdite 10-100 

ferrous 8-176 

ferrous alloys 8-176 

ferrous sulphate i10-19 

fertilization 3-26, 38; 8-176 

fertilizer 10-71 

fetus 8-176 

Feynman, Richard Phillips 
19-86 

Fi generation 8-176 

fiber 8-176 

Fibiger, Johannes Andreas 
Grib 79-86 

fibrin 8-176 

fibroblasts 2-89 

fibrous cartilage 2-92 

fibrous roots 8-177 

fibrovascular 8-177 

fibula 2-104, 107 

fidelity 8-177 

field 8-177 

field magnet 8-177 

fields of force 16-150; 
116-152, 154 

fig 1-30, 31 

filament 8-177 

filial generation 8-178 

filum terminale 1-56 

film badge 8-178 

filoplumes 2-84 

filter 8-178; 12-24; i12-25 

filterable virus 8-178 

filtrate 8-178; 12-26 

filtration 12-24 

fin 8-178 

fin, caudal 2-69 

financial mathematics 
13-137; i13-138 

finch 1-45 

finch, African weaver 2-68 

finite 8-179 

Finsen, Niels Ryberg 19-87 


fireball 8-179 

firedamp 8-179 

firn 8-179 

first-quarter moon 8-179 

fir tree 1-12 

Fischer, Emil Hermann 
12-93; 19-88 

Fischer, Hans 79-88 

fish 1-46; 2-63, 67; 5-68, 
152; i1-48; 5-152 

fission 8-179; 14-48; i14-49, 
50 

fissure 8-180 

fissure eruption 4-75 

fistula 8-180 

fix 8-180 

fixation 3-148 

fixed star 8-180 

Fizeau, H. L. 15-14; 16-8 

fjord 4-120; 8-180 

flagellum 8-181 

flame emission 
spectrometry 11-155 

flame test 8-181; 11-150, 
152; 111-151, 153 

flamingos 2-62 

flammable 8-181 

flares 8-181 

flash flood 8-181 

flash point 8-181 

flask 8-181 

flatworms 1-67; 2-158 

F layer 8-182 

Fleming, Sir Alexander 
19-88 

flexor muscle 2-94; 8-182 

flight path 8-182 

floating-card compass 
8-182 

floating ribs 8-182 

flocculent 8-182 

floe 8-182 

flood plain 8-183 

flora (see also desert, 
mountains, etc.) 2-7, 16; 
8-183; i2-8, 13, 14 

florentium 10-135 

florescence 8-183 

Florey, Sir Howard Walter 
19-89 

floriculture 8-183 

flotation process 8-183; 
17-152 

flower 8-183 

flowmeter 8-184 

fluid 8-184 

fluid mechanics 14-126, 128 

fluid pressure 8-184; 
14-113; 114-114, 118 

fluids 14-173 to 150 

fluid statics 14-116; 114-117, 
118 

flume 8-184 

fluorescence 8-184; 11-30; 
16-64 

fluorescent material 18-156 

fluoridation 8-184 

fluorine 10-47 


fluorite 10-47; 14-93; i7-40 

fluorocarbon 8-185 

fluoroscope 8-185 

flux 8-185; 15-91, 149 

flying reptiles 5-146 

flywheel 18-150 

FM see frequency 
modulation 

foam 14-144 

focal length 8-185 

focal plane 8-185 

focal point 8-185 

focus 8-186; 17-41 

foehn 8-186 

fog 8-186 

fog tracks 8-186 

fold 4-89, 97; 8-186; i4-93, 
94 

foliage 8-187 

foliation 8-187 

follicle 1-62; 8-187 

follicle-stimulating 
hormone 8-187 

fontanels 1-71 

food chain 8-187 

food web 8-187 

fool's gold 8-187 

foot 8-188 

foot bones 2-107 

footcandie 8-188 

foot-pound 8-188 

foot-pound-second system 
8-188 

foraminifera 1-81 

force 8-188; 14-114; 76-90, 
93, 150; i16-91, 97, 98 

force pump 8-188 

Ford, Henry 79-89 

forearm skeleton 2-105 

forebrain 1-57; 8-188; i1-58 

forecasting 13-132, 148 

forest (see also temperate, 
rain, tropical, etc.) 1-20, 
32; i1-21, 22, 29 

formaldehyde 8-189; 
12-106, 115, 122 

formation 8-189 

formic acid 12-115 

formula 8-189; 13-20 

formulate 8-189 

Forssmann, Werner 
Theodor Otto 19-90 

FORTRAN 8-189 

fossil 1-80, 4-147; 5-7, 10, 
16, 78, 79, 80, 81, 130; 
6-16, 40, 68, 96; 8-190; 
i5-12, 14, 77; 6-29, 51, 120 

Foucault, Jean Bernard 
Léon 15-14, 98; 16-8 

Foucault currents 15-98; 
i15-98, 99 

Foucault pendulum 8-190 

foundry 8-190 

fountain effect 15-84 

Fourier, Jean Baptiste 
Joseph 13-121; 15-103; 
16-71; 19-90 

Fourier series 15-103 


Fourier's wall 15-51 

fovea 8-190 

fox 1-25; 2-16, 114 

fps see foot-pound-second 
system 

fraction 8-190; 13-14 

fractional crystallization 
14-80 

fractional distillation 8-190; 
11-117; 12-64; 17-79; 
i17-82 

fracture 4-96; 8-191 

fragmentation 3-19 

Franck, James 19-97 

Frank, Ilya Mikhailovich 
19-91 

Frankland, Sir Edward 
12-32 

Franklin, Benjamin 19-92 

franklinite 10-41 

Frary metal 10-92 

Frasch process 10-51 

fraternal twins 8-191 

Fraunhofer, Joseph von 
8-118 

Fraunhofer lines 8-118, 
191 

free 8-191 

free electrons 15-111, 115, 
131 

free energy 8-191 

free fall 8-191 

free flight 9-162 

free radical 11-24, 26 

free state 9-162 

freezing point 9-162; 14-69 

frequency 9-162; 16-78 

frequency distribution 
9-162 

frequency modulation 9-162; 
18-76, 83 

frequency spectrum 16-71 

Fresnel lens 17-45 

Freud, Sigmund 79-93 

friable 9-163 

friction 1-125; 9-163; 11-97; 
16-120; 17-27; i11-97; 
16-121, 122 

friction resistance 14-130 

Friedel-Crafts synthesis 
12-65, 108 

Frigid Zone 9-163 

Frisch, O.R. 14-48 

frog 2-24; 3-157 

frond 9-163 

front 9-163 

frontal lobe 9-163 

frontal sinus 9-163 

frost 9-164 

frost action 9-164 

fructose 12-124 

fruit 9-164 

frustum 9-164 

FSH see follicle-stimulating 
hormone 

f/stop system 9-164 

fuel cell 9-164; 11-74 

fuel injection 9-165 


fulcrum 9-165 

Fuller, Richard Buckminster 
19-94 

fuller’s earth 9-165 

full moon 9-165 

fulminating powder 9-165 

Fulton, Robert 19-95 

fumarole 9-165 

function 9-165; 13-17, 28, 
31, 38, 115, 120, 124, 128; 
113-27, 32, 33, 39 

functional groups 
(chemical) 12-152 

fundamental particles 1-208 

fundamental tone 9-166 

fundamental units 9-166 

fungicide 9-166 

fungus 9-166 

furan 12-72, 87 

fuse 9-166 

fuselage i17-9 

fusion 9-166; 14-71 


G 


g 9-167 

gabbro 10-15 

Gadolin, Johan 10-135 

gadolinite 10-135 

gadolinium 10-135 

Gahn, J.G. 10-127 

galactic clusters 9-62; 
i9-63, 64, 65, 66 

galaxy 1-85; 4-9; 8-153, 158; 
9-45, 51, 56; 9-167; 18-158; 
9-55, 58, 59, 60, 61 

Galaxy (our own) see Milky 
Way 

gale 9-167 

Galen 19-96 

galena i10-60, 61 

Galeopithecus 2-58, 61 

Galileo 7-110; 8-50, 57, 90, 
106; 9-45; 16-7, 110, 112, 
136; 19-96 

gall bladder 2-154; 9-167 

Galle, Johann 8-63 

gallium 10-130 

Galois, Evariste 19-98 

Galton, Sir Francis 19-98 

Galvani, Luigi 15-144; 19-99 

galvanism 9-167 

galvanize 9-167; 10-41 

galvanometer 9-168; 15-99, 
100, 138; 17-102; i15-138 

galvanoplasty 11-70 

games (math) 13-106; 
i13-107, 108, 109 

games of chance 13-134 

gamete 3-107: 9-168 

gametophyte 9-168 

gamma globulin 9-168 

gamma rays 9-168; 10-118; 
14-38; 15-10, 33; 115-34, 
35 


ganglion 2-124; 9-168 

gangue 9-168; 17-150 

gantry 9-168 

gap 9-169 

garganey 2-86 

garnet i7-28 

gas 1-103; 9-169; 11-92; 
14-65, 149 to 157; 15-70; 
i11-92; 15-71 

gaseous dissociation 
14-153 

gas exchange 3-57 

gasoline 9-169; 12-151 

gas reactor i18-29 

Gasser, Herbert Spencer 
19-100 

gas thermometer 9-169 

gastric glands 9-169 

gastric juice 9-169 

gastrocnemius muscle 
1-147 

gastrolith 9-169 

gastropod 5-126 

gastrula 3-26; 9-170 

gas turbine 17-106; 117-108 

gauss 9-170 

Gauss, Johann Karl 
Friederich 8-77; 13-32, 52, 
64, 140; 19-100 

Gaussian curve 13-34, 139; 
113-35, 36, 37 

Gay-Lussac, Joseph Louis 
10-58; 14-56; 151; 19-101 

Gay-Lussac's law 14-149, 
151; i11-92 

gazelle 2-9 

GCA see ground-controlled 
approach 

geanticline 9-170 

gear ratio 9-170 

gears 17-110; i17-111, 112, 
113 

Geiger, Hans Wilhelm 10-10, 
15-40 


Geiger counter 9-170; 10-131; 


15-40 
gel 9-171 
gelatin 9-171 
gelation 9-171 
Gell-Mann, Murray 14-51; 
19-101 
Gemini (constellation) 9-125 
gene 3-99; 9-171 
gene pool 9-171 
generate 9-171 
generation 9-171 
generator 9-172; 17-83 
genetic code 3-85, 101; 
9-172 
genetic material 3-178 
genetics 2-30; 3-110; 9-172 
genetic transduction 9-172 
genotype 9-172 
gentle breeze 9-172 
genus 9-172 
geocentric 9-173 
geochemical cycle 4-30 
geochemistry 7-14; 9-173 


173 / GIZZARD 


geochronology 4-149 
geode 9-173; 14-108 
geodesic 9-173 
geodesic dome 9-173 
geodesy 9-173 
Geoffrey, Claude 10-88 
geography 9-174 
geological clocks 4-157 
geological exploration 7-78 
geologic column 9-174 
geologic map 9-174 
geologist, 7-78; 9-174 
geology 5-139; 6-150; 7-78; 
9-174; i6-136 
geomagnetism 9-174 
geometric constructions 
13-68; i13-70, 71 
geometric optics 16-24, 40 
geometric progression 9-174 
geometric transformations 
13-89; i13-91 
geometry 1-110; 9-175; 
13-22, 53 to 110 
geometry of freedom 7 6-84 
geomorphology 9-175 
geophysical research i18-50, 
51 


geophysics 7-14; 9-175 

geoscience 9-175 

geosyncline 4-56; 9-175 

geotaxis 9-176 

geotropism 9-176 

geriatrics 9-176 

germ 9-176 

germanite 10-120 

germanium 9-176; 10-120; 
15-155; 17-146 

germ cell 9-176 

germicide 9-176 

germinate 9-177 

germ layer 9-177 

germ plasm 9-177 

germ theory 9-177 

Gesner, Konrad von 19-102 

gestation 9-177 

geyser 9-177 

g-force 9-177 

giant star 9-178 

Giauque, William Francis 
15-82; 19-102 

gibbous 9-178 

Gibbs, Josiah Willard 11-142; 
19-102 

Gibbs's rule 11-130; 15-79 

Gielas, H.L. 8-62 

Giesel, F.O. 10-150 

Gilbert, Grove Karl 19-103 

Gilbert, William 19-103 

Gilchrist, Perry C. 18-96 

gill 9-178 

gill slits 9-178 

giraffe 6-71; 16-93 

girdle 9-178 

gizzard 9-178 


174 / GLACIAL AGE 


glacial age fauna 6-116 
glacial drift 9-178 
glacial erosion 4-116; i4-115 
glacial valleys 4-118 
glaciation 6-103, 109; 9-179; 
i6-107 
glacier 4-112, 115, 118; 
9-179; 14-117; 6-105, 108, 
109 
glacier grooves 9-179 
gland (see also specific 
names) 9-179 
Glaser, Donald 19-104 
glass 9-179; 12-14, 18; 
15-65; 17-114 
glass tubing 12-14, 18 
glassware i12-8 
glassworking 12-14, 18 
glaze 9-179 
glide 9-180 
glider 9-180 
Globar source 15-15 
Globigerina 1-46 
globular cluster 9-180 
globule 9-180 
globulin 3-128; 9-180 
Glomar Challenger 6-151 
glomerular filtrate 3-48 
glomerulus 2-156 
glottis 9-180 
glucagon 2-141 
glucose 2-141; 9-180 
glutelin 3-123 
gluten 9-180 
glyceraldehyde 12-43 
glycerin 9-181 
glycerol 9-181 
glycine 3-96 
glycogen 2-141; 3-95; 9-181 
glycolic acid 12-111 
glycosides 12-127 
gneiss 9-181 
gnomon 9-181 
gnomonic projection 9-181 
Goddard, Robert Hutchings 
19-104 
Goeppert see Mayer 
goethite 10-15 
goiter 10-140 
gold 9-181; 10-54, 159 
Goldbach, C. 13-52 
golden plover 2-64 
goldfinch 1-42 
gold mining 10-54; i10-55, 
56 
Goldschmidt, Victor Moritz 
19-105 
Golgi, Camillo 19-105 
Golgi apparatus 3-81; 
9-182 
Golgi bodies 9-182 
gonad 2-143; 9-182 
Gondwanaland 5-106, 139 
goniometer 9-182 


goose, blue 2-65 

Gorgas, William Crawford 
19-106 

gorge 9-182; i4-124 

gox 9-182 

graben 4-54 

gradation 9-183 

grade 9-183 

gradient 9-183 

gradual metamorphosis 
9-183 

graduation 9-183 

graffiti 6-133 

grafting 9-183 

Graham, Thomas 3-77; 
19-106 

Graham's law 1-103; 9-183; 
14-154 

grain 9-184 

gram 9-184 

gram atom 9-184 

gram-atomic weight 9-184 

gram-formula weight 9-184 

gram mole 9-184 

gram molecular volume 
9-185 

gram-molecular weight 
9-185; 17-97 

gram molecule 9-185 

Grand Canyon i4-88 

Grand Coulee Dam 1-135 

Granit, Ragnar Arthur 
19-107 

granite 4-27; 9-185; i4-62 

granules 8-109; 9-185 

graph 9-185; 73-720 

graphics 9-185 

graphite 9-186; 10-146 

graptolite 5-55 

grass 9-186 

gravel 9-186 

gravimetric 9-186 

gravitation 9-186; 76-740, 
143, 146, 150; i16-141, 
142, 143, 148, 149 

gravitational field 9-186; 
16-141, 143 

gravitational stability 16-146; 
116-146, 148 

gravitational waves 16-146 

gravity 9-187; 16-140, 143; 
116-142, 143 

gravity fault 9-187 

Gray, Asa 19-107 

Gray, Elisha 19-107 

gray matter 9-187 

great circle 9-187 

grebe 1-44 

green (color) 16-48 

greenhouse effect 9-187 

Greenland 4-113 

greenockite 10-13 

Greenwich time 9-187 

gregarious 9-188 

Gregor, William 10-113 

Gregorian calendar 8-18; 
9-188 

Grew, Nehemiah 10-103 


grid 9-188 

grid multiplication 13-11 

Grignard, Francois 
Auguste Victor 12-106; 
19-108 

Grignard reagents 10-105; 
12-106 

Grimaldi man 6-131 

grotto 9-188 

ground 9-188 

ground-controlled approach 
9-188 

ground meristem 3-8 

ground substance 2-88 

ground water, 7-156; 9-189 

ground wave 9-189 

group 9-189 

growth rings 9-189 

grub 9-189 

guano 10-23, 71 

guard cell 9-189 

Guericke, Otto von 19-108 

guidance system 9-190 

guided missile 9-190 

Guillaume, Charles Edouard 
19-108 

gulf 9-190 

gullet 9-190 

Gullstrand, Allvar 19-109 

gully 9-190 

gum 9-190 

gumbo 9-190 

Gutenberg, Johann 19-109 

guttation 9-191 

gymnosperm 5-149; 9-191 

gynecology 9-191 

gypsum 7-32; 9-191; 10-37, 
i7-32 

gyrocompass 9-191 

gyroscope 3-159; 9-191; 
17-127, 128 

gyrostatics 9-191 


H 


Haber, Fritz 19-110 

Haber process 10-162; 
11-146 

habit 10-162 

habitat 10-162 

Hadfield, Robert 10-127 

Hadley, George 7-110 

Haeckel, Ernst Heinrich 
19-110 

hafnium 10-133 

Hahn, Otto 10-79; 14-48; 
19-111 

hail 10-162 

hair 1-62 


_ Haldane, John Burdane 


Sanderson 19-111 
Haldane, John Scott 19-111 
Haldane family 19-111 
Hale, George Ellery 8-131; 

9-68; 19-112 


Hale’s grating 8-129 

Hale telescope 9-74 

half-life 10-73; 10-162; 14-38 

half-reaction 10-162 

halide 10-163 

Hall, Asaph 8-43 

Halley, Edmund 8-134; 
19-113 

Halley's comet 8-138, 139; 
10-163; i8-141 

Hallwachs, Wilhelm 15-146 

halo 10-163 

halogen 10-119, 138, 155; 
10-163; 12-49, 152 

halogenation 10-163; 12-49 

halogenides 7-40 

halophytes 10-163 

Hamilton, Sir William Rowan 
19-114 

hamuli 2-85 

hand bones 2-105 

hanging valley 10-164 

haploid 10-164 

haploid number 10-164 

Harden, Sir Arthur 19-114 

hardness 10-164 

hardpan 10-164 

hard water 7-146; 10-39; 
10-164 

Hardy, Godfrey Harold 
19-115 

Hardy-Weinberg principle 
10-165 

hare, Arctic 2-20 

harmonic frequencies 10-165 

harmonic motion 10-165; 
16-99, 138, 139; 116-99, 139 

harmonic progression 
10-165 

Harrison, John 19-115 

Hartline, Haldan Keffer 
19-115 

Harvard sequence 9-14 

Harvey, William 19-115 

Hassel, Odd 19-116 

Hatchett, Charles 10-115 

Hauy, R. J. 14-95 

Haversian canal 10-165 

Hawaiian eruptions 4-75 

Haworth, Sir Walter Norman 
19-117 

hayarum 1-33 

Hayford, J. F. 4-37 

headland 10-165 

headwaters 10-165 

hearing 2-134 

heart 3-49; 10-166; i3-56 

heartwood 10-166 

heat 4-32; 10-166; 75-46, 49, 
67 

heat barrier 10-166 

heat engine 10-166 

heat exhaustion 10-166 

heat expansion 75-61, 64; 
i15-62, 63, 65, 66 

heating element 10-166 

heat of formation 10-167 

heat of fusion 10-167 


heat of vaporization 10-167 
heat radiation 15-67; 115-68, 


69 

heat sink 10-167 

heat transfer 10-167 

heavy hydrogen 10-12; 
10-167 

heavy water 10-167 

Hecateus 6-139 

hectometer 10-168 

Heidelberg man 6-129 

Heisenberg, Werner Karl 
19-117 

heliocentric 10-168 

heliodyne 10-168 

heliotropism 10-168 

helium 1-78, 90; 10-141; 
10-168; 14-59; 15-83, 84 

helix 3-128; 10-168 

Helmholtz, Hermann Ludwig 
Ferdinand von 15-74; 
19-117 

Helmholtz coils 15-119 

Helvelius, Johannes 8-134 

hematin 10-169 

hematite 10-15; 10-169; 
i10-16 

heme 3-89 

hemichordate 5-151 

Hemiptera 1-26 

hemisphere 10-169 

hemoglobin 3-59; 10-103; 
10-169 

hemorrhage 10-169 

hemostatic 10-169 

hemotoxin 10-170 

Hempel column 17-79 

Hench, Philip Showalter 
19-118 

Hendry, Archibald W. 14-6; 
15-6; 16-6 

henry 10-170 

Henry, Joseph 15-96; 19-118 

Henry’s law 1-103; 10-170 

herb 10-170 

herbivores 1-24, 25 

herbivorous 10-170 

Hercules (constellation) 
9-140 

Hercynian orogenesis 5-98 

heredity 3-22; 10-170 

hermaphrodites 2-66 

hermaphroditic 10-170 

hermetic 10-170 

hermit crab 2-72 

Hero 19-119 

herpetology 10-171 

Herschel, Caroline Lucretia 
19-119 

Herschel, Clemens 14-127 

Herschel, Sir John Frederick 
William 9-53, 56; 19-119 

Herschel, Sir William 8-60, 
62, 66; 9-46, 56, 70; 15-9, 
14; 19-119 

Herschel family 19-119 

Hershey, Alfred Day 19-120 

Hertz, Gustav 19-121 


Hertz, Heinrich Rudolph 
15-36, 146; 19-121 

Hertzian waves 15-36 

Hertzsprung, Ejnar 9-24 

Hertzsprung-Russell 
diagram 9-17, 21; i9-22, 23 

Hesperornis i6-43 

Hess, Victor Francis 15-40; 
19-127 

Hess, Walter Rudolf 19-722 

heterocyclic compounds 
12-70 

heterogeneous 10-171 

heterogeneous-phase 
reaction 11-10 

heterophyte 10-171 

heterostyly 3-40 

heterotroph 1-16; 10-171 

heterozygote 3-116; 10-171 

heuristic 10-171; 14-9; 
16-126 

Hevesy, George de 
10-133; 19-122 

hexagon 10-172 

hexapod 10-172 

Heymans, Corneille Jean 
Francois 19-122 

Heyrovsky, Jaroslav 19-123 

hibernate 10-172 

Hideki see Yukawa 

Hieftje, Gary M. 11-6; 12-6 

high 10-172 

high-fidelity 10-172 

high-frequency 10-172 

high-octane gasoline 10-172 

high tide 10-173 

Hill, Archibald Vivian 19-123 

hilum 2-156; 10-173 

Himalayas 4-55 

hindbrain 1-56; 10-173 

Hinshelwood, Sir Cyril 
Norman 19-123 

Hipparchus 9-34; 19-124 

Hippocrates 13-73; 19-125 

hippopotamus 6-94 

histamine 10-173 

histogram 10-173 

histological techniques 
3-147, 151; i3-152-155 

histology 3-147; 10-173 

histone 3-129 

hoarfrost 10-173 

Hodgkin, Alan Lloyd 19-127 

Hodgkin, Dorothy Mary 
Crowfoot 19-127 

Hoff see Van't Hoff 

Hofstadter, Robert 19-127 

Holley, Robert William 
19-128 

holmium 10-135 

Holocene epoch 6-103 

holograms 17-118, 121; 
i17-122 

holography 17-118 

homeostasis 10-174 

homeotherms 2-53 

hominid 6-123 

Homo. erectus 6-124, 128 


homogeneous 10-174 

homogeneous-phase 
reaction 11-10 

homogenize 10-174 

homoiothermic 10-174 

homologous series 10-174 

Homoptera 1-26 

homozygote 3-116; 10-174 

honeybee 2-48; 3-41; i2-2 

honeycomb 2-49, 50 

Honeycutt, R. Kent 8-6 

Hooke, Robert 1-12; 16-134; 
19-128 

Hooker, Sir Joseph Dalton 
19-129 

Hooker, Sir William Jackson 
19-129 

Hooke's law 16-134; i16-135 

Hope, Thomas 10-92 

Hopkins, Sir Frederick 
Gowland 19-129 

horizon 10-174 

hormone 2-138; 140, 143; 
3-133; 10-175 

horn 10-175 

hornblende 10-75 

hornet 1-27 

horse 2-114; 6-86; i6-87 

horse latitudes 10-175 

horsepower 10-175; 16-128 

horst 4-54 

horticulture 10-175 

host 10-176 

hot spring 7-156 

hour angle 10-176 

hour circles 10-176 

Houssay, Bernardo Alberto 
19-129 

Howe, Elias 20-111 

Hubble, Edwin 9-56 

Hubble classification of 
galaxies 9-56; i9-58 

Hubble's law 9-112 

Huggins, Charles Brenton 
19-130 

hull 10-176 

human body 3-88 

Humboldt, Friedrich 
Heinrich Alexander von 
19-130 

humerus 2-104 

humidity 7-98; 10-176 

humor 10-176 

humus 10-176 

hundredweight 10-177 

Hunter, John 19-131 

Hunter, William 19-131 

Hurley, P. M. 4-52 

hurricane 7-121, 10-177 

Hutton, James 7-78; 19-132 

Huxley, Aldous Leonard 
19-132 

Huxley, Andrew Fielding 
19-132 

Huxley, Sir Julian Sorrell 
19-132 

Huxley, Leonard 19-132 

Huxley, Thomas Henry 19- 


175 / HYGROMETER 


Huxley family 19-132 

Huygens, Christiaan 8-57; 
19-133 

Huygens’ principle 15-17 
16-27; 115-12, 13, 16-28, 29 

hyacinth 10-133 

Hyades i9-63 

hyaline cartilage 2-92 

hyaluronic acid 2-88 

hybrid 2-32; 10-177 

hybrid computer 10-177 

hybridization 2-32; 10-177 

Hydra (constellation) 9-128 

hydrate 10-177 

hydrated ion 10-177 

hydration 10-178 

hydration energy 10-145 

hydraulic lever 14-118 

hydraulics 10-178 

hydride 10-178 

hydrocarbons 10-178 

hydrochloric acid 10-49; 
10-178; 11-9; 12-117 

hydrodynamics 10-178; 
14-119, 128; 114-119, 120, 
121 

hydroelectric power 10-178 

hydrofluoric acid 10-49 

hydrofoil 10-179 

hydroforming 10-179 

hydrogen 1-77; 8-46; 10-10, 
179; 15-80 

hydrogenation 10-179; 12-48 

hydrogen atom 1-90; 14-62; 
18-35 

hydrogen bond 14-78, 79 

hydrogen-ion concentration 
10-179 

hydrogen-oxygen reaction 
11-40; 111-26 

hydrogen peroxide 10-179 

hydrogen sulfide 11-9 

hydrography 6-143 

hydrologic cycle 10-180 

hydrolysis 10-180 

hydrolytic reaction 3-136 

hydrometallurgy 17-151 

hydrometer 10-180; 14-134, 
137; i14-134, 135, 137 

hydronium ion 10-180 

hydrophytes 10-180 

hydroponics 10-181 

hydrosol 14-143 

hydrosphere 10-181 

hydrostatic balance 14-138 

hydrostatic equilibrium, law 
of 1-91 

hydrostatics 10-181 14-113; 
114-114 

hydrotropism 10-181 

hydroxide 7-45; 10-181 

hydroxyl 1-79 

hydrozincite 10-41 


132 hygrometer 10-181 
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hygroscopic 10-182 
hyoid 10-182 
hyperbola 10-182 
hypermetropia 1-55 
hyperopia 1-55 
hypersonic speed 10-182 
hypertension 10-182 
hyphae 10-182 
hypocotyl 10-182 
hypodermis 1-60 
hypophysis see pituitary 
hypotension 10-183 
hypotenuse 10-183 
hypothalamus 1-57; 2-138; 
10-183 
hypothesis 10-183 
hypoxia 10-183 
hypsographic curve 4-37 
hysteresis 10-183 


Icarus (asteroid) 8-74 

ice age 10-184 

iceberg 10-184; 3-35 

ice sheet 10-184 

ich 10-184 

ichthyology 10-184 
ichthyosaur 5-138 
identical twins 10-184 
igneus rock 4-87; 7-9; 10-185 
ignition 10-185 

Iguaca River 4-126 

IGY see International 

Geophysical Year 

ileum 2-149; 10-185 
illinium 10-135 
illumination 10-185 
ilmenite 10-113 

ILS see instrument landing 

system 

image 10-185 

image orthicon 10-186 
imaginary numbers 10-186 
imaginary roots 10-186 
imbibition 10-186 
immiscible 10-186 
immunity 3-68, 130; 10-186 
immunology 10-187 
immutability of species 5-16 
impact phenomena 16-130 
impact velocity 10-187 
impedance 10-187 
impermeable 10-187 
implication 10-187 
implosion 10-187 
impregnation 10-187 
improper fraction 10-188 
impulse 10-188; 16-116 
inactive 10-188 
inbreeding 3-24; 10-188 


incandescence 10-188 

incenter 10-188 

inch 10-189 

incident beam of light 
10-189 

incisor 2-112; 10-189 

inclination 10-189 

inclined plane 10-189; 16-95 

included angle 10-189 

incomplete dominance 
3-112; 10-189 

incomplete metamorphosis 
10-190 

increment 10-190 

incubation 10-190 

independent assortment 
3-112, 113; 10-190 

independent variable 10-190 

index 10-190 

index fossil 10-191 

index number 10-191 

index of refraction 10-191 

indicator 10-191; 11-64 

indicator (acid-base) 11-48, 
55, 63 

indium 10-130 

induced charges 15-132 

induced current 10-191: 
15-100 

inductance 15-103; 115-104 

induction 10-191; 15-131 

inductive method 11-162 

industry 6-133 

inert 11-162 

inertia 11-162; 16-110, 113; 
116-111, 114, 115 

inertial guidance 11-162; 
17-124; i17-125, 128 

inertial system 11-162; 
17-124; 117-128 

infection 11-162 

inferior 11-162 

inferior planet 11-163 

infinite 11-163 

infinite series 11-163 

infinitesimal 11-163 

infinity 11-163; 73-48 

inflammable 11-163 

inflection point 11-163 

inflorescence 11-164 

information retrieval 11-164 

infrared radiation 8-120; 
11-164; 15-9, 14; 115-15 

infrared spectroscopy 
11-101; 15-16; 111-102 

infrasonic 11-164 

infusion 11-164 

ingestion 11-164 

inhalation 11-165 

inheritance patterns 3-121 

inherited characteristics 
11-165 

inhibition 11-165 

inhibitor 11-165 

inner ear 11-165 

inoculation 11-165 

inorganic 11-166 

inorganic acid 11-166 


inorganic chemistry Vol. 11 

inosilicates 7-22 

inphase 11-166 

input 11-166 

inscribed 11-166 

inscribed angle 11-166 

insect 2-66; 11-167; 115-100 

insectivore 6-78 

insectivorous 11-167 

insertion 11-167 

insolation 11-167 

insoluble 11-167 

inspiration 11-167 

instability 11-167 

instinct 11-168 

instrument landing system 
11-168 

instruments (for geometric 
constructions) i13-70 

insulation 11-168; 16-80 

insulators 1-141; 15-111, 152 

insulin 2-141; 11-168 

insurance 13-141 

integer 11-168 

integral 11-168 

integral calculus 11-169 

integral magnitude 9-113 

integrated circuit 11-169 

integument 11-169 

intelligence 6-100, 128 

intensifier 11-169 

intensity 11-169 

intensity level 11-170 

intensive magnitude 15-47 

interatomic force 11-15 

intercellular fibers 2-88 

intercept 11-170 

interdependence 11-170 

interest (financial) 13-137 

interference 11-170 

interference (light) 16-24; 
116-25, 26 

interferometer 11-170; 15-66 

interformational slab 4-60 

intergalactic 11-171 

interglacial age fauna 6-176 

interior angle 11-171 

interior of Earth 4-19 

intermediate host 11-171 

intermolecular force 11-15; 
14-74 

international date line 
11-171 

International Geophysical 
Year 6-143; 11-171 

internode 11-171 

interphase 3-102; 11-172 

interplanetary 11-172 


interpolation 11-172; 13-148; 


113-149, 150 
interpositions 1-94 
interpreter 11-172 
interrogator-responder 

11-172 
intersect 11-172 
interstellar 11-172 
interstellar atoms i9-48 
interstitial cells 2-143 


interval 11-173 

intestinal bacteria 2-73 

intestines 3-76; 11-173 

intravenous 11-173 

intrusive 11-173 

inverse ratio 11-173 

inverse-square law 11-173 

inverse variation 11-173 

inversion 2-33; 11-174 

invertebrate 4-43; 11-174 

inverted image 11-174 

inverter 11-174 

invisible light 11-174 

involuntary muscles 2-100; 
11-174 

iodine 10-138, 155; 11-175 

ion 10-144; 11-16, 175; 
14-44 

ion engine 11-175 

ion exchange 7-151; 11-175 

ionic bonds 11-81, 175; 
14-77 

ionic oxides 11-51 

ionic theory 11-176 

ionization 11-176; 14-23, 44 

ionization potential 10-145; 
14-16 

ionosphere 7-112; 11-176 

ion propulsion 11-176 

IR see interrogator- 
responder 

iridescence 11-176 

iridium 10-108, 158; i10-109 

iris (of eye) 1-55; 2-132; 
11-176 

iron 10-15, 156; 11-176; 
i10-16 

iron filings 15-117 

iron lung 11-177 

iron ore i10-16, 17 

iron oxides i7-47 

iron sulfide 11-8 

irradiation 11-177; 16-157 

irrational numbers 11-177; 
13-15 

irreversible processes 15-76 
115-77 

irritability 11-177 

islands (islets) of 
Langerhans 2-141, 154; 
11-177; 12-142 

isobars 11-178; 14-152 

isochor 14-152 

isoelectric point 11-178 

isogonal 11-178 

isogonic lines 11-178 

isolation, ecological 2-30 

isolation, reproductive 2-30 

isolation, seasonal 2-31 

isolation, sexual 2-30 

isomerism 12-65, 150; 
i12-149 

isomers 11-178; 12-40, 44 

isomorph 11-178 

isoperimetric 11-179 

isosceles trapezoid 11-179 

isosceles triangle 11-179 

isostasy 4-36; 11-179 
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isostatic theory 4-35 
isotherm 11-179; 14-150 
isotope 11-179; 14-20 
isthmus 11-179 


J 


Jacob, Francois 19-133 

Jacquard, Joseph Marie 

19-134 

jaguar 1-12 

James, William 19-134 

Jansky, Karl 9-40 

Janssen, Pierre 10-142 

Japan current 11-180 

JATO 11-180 

jasper 10-75, 77 

Jauregg see Wagner von 
Jauregg 

jaw 1-147 

jay 1-40 

jay feather 2-87 

Jeans, Sir James Hopwood 

19-135 

jejunum 2-149; 11-180 

jellyfish 2-69, 70; i3-2, 21 

Jenner, Edward 19-135 

Jensen, Johannes Hans 

Daniel 19-136 

jet propulsion 2-69; 11-180; 

18-20 

jet stream 11-180 

joint 1-68; 11-180 

Joliot-Curie, Frédéric 14-34; 
19-136 

Joliot-Curie, Irene 14-34; 
19-136 

joule 1-126; 11-181 

Joule, James Prescott 15-73; 
19-137 

Joule's law 11-181; 15-141 

journals 17-29 

jugular vein 11-181 

Julian calendar 11-181 

junction 11-181 

junction (in transistor) 
18-144 

Jung, Carl Gustav 19-137 

jungle 1-32 

Jupiter (planet) 8-44, 47, 50; 
9-119; 11-76, 8-48 

Jupiters’ satellites 8-50; 
18-53 

Jurassic period 5-136, 139, 
141, 145, 148 

Jurin's law 11-114 


K 


°K 11-182 
kainite 10-103, 111 
kame 11-182 


Kamerlingh-Onnes, Heike 
15-159, 160; 19-138 

Kant, Immanuel 9-29 

kaolin 4-110; 10-31; 12-25 

Kapitza, Peter 15-85 

Kapitza's liquefier i15-83 

Karman, Theodore von 
19-138 

Karrer, Paul 19-139 

karst 7-138 

karst topography 11-182 

karyolymph 1-9 

Kastler, Alfred 19-139 

Katz, Sir Bernard 19-139 

Kekulé von Stradonitz, 
Friedrich August 12-140; 
19-139; 112-141 

Kelly, William 19-140 

Kelvin, Lord see Thomson, 
Sir William 

Kelvin temperature scale 
11-182 

Kendall, Edward Calvin 
19-140 

Kendrew, John Cowdery 
19-140 

Kennelly-Heaviside layer 
11-182 

Kepler, Johannes 8-34, 74; 
19-141 

Kepler's laws 8-30; 9-110; 
11-182 

keratin 2-83 

kernel 11-183 

kerosine 11-183 

Kerr, John 16-8 

Kerr cell 16-8 

ketones 11-183; 12-105 

kettle 11-183 

key 11-183 

key punch 11-184 

Khorana, Har Gobind 19-142 

kidney 2-156; 3-46; 11-184; 
12-157; 3-47 

kilocalorie 11-184 

kilocycle 11-184 

kilogram 11-184 

kilogram-meter 1-126 

kilometer 11-184 

kilowatt 11-184 

kilowatt-hour 1-128; 11-185 

kindling temperature 11-185 

kinescope 11-185 

kinesiology 11-185 

kinesthetic sense 11-185 

kinetic energy 1-128; 11-185 

kinetics 3-140; 11-186 

kinetic theory 1-103, 132; 
11-186; 14-155, 157 

kingdom 11-186 

Kipp’s generator 11-158 

Kirchhoff, Gustav Robert 
9-14; 15-53; 19-143 

Kirchhoff cavity 15-44 

Kirchhoff's laws 15-52; 
17-78; 115-53 

Kirkendall effect 11-124; 
i11-126 


Kitasato, Baron Shibasaburo 
19-143 

kite, black 1-43 

Kitt Peak National 
Observatory 9-117 

kiwi 2-23, 24 

Klaproth, M.H. 10-79, 113, 
126, 133, 135 

Klein, Christian Felix 13-102; 
19-143 

Klein bottle 13-101; 113-102 

Klinefelder's syndrome 1-11 

klystron 11-186 

km see kilometer 

kneecap 2-107 

knee jerk 11-186 

knot 11-186 

knuckle bones 13-136 

koala 2-23, 57 

Koch, Robert 10-87; 19-144 

Kocher, Emil Theodor 19-144 

Koch's postulates 11-187 

K6fler plate 14-73 

Kolbe, Adolph 12-112 

Konowaloff's rule 11-129 

Köppen, Wladimir Peter 
19-145 

Kornberg, Arthur 19-745 

Kossel, Albrecht 19-145 

Krafft, Johann 10-23 

Krakatau 4-82 

Krebs, Sir Hans Adolf 19-146 

Krebs cycle 3-143; 11-187 

Krogh, Schack August 
Steenberg 19-146 

Kroll process 10-113, 133 

krypton 10-141 

K-shell 11-187; 14-18, 22 

Kuhn, Richard 19-146 

Kunckel, Johann 10-23 

Kusch, Polykarp 19-147 

kymograph 11-187 


Ip 


laavenite 10-133 

laboratory 11-188; 12-6, 10 

laboratory equipment 1 1-159; 
12-6, 10, 14, 18; 12-6 to 12 

laboratory glass 6-14, 18 

labyrinth 2-134 

labyrinthodonts 5-157 

laccolith 4-60; 11-188 

lachrymal glands 11-188 

lacquer 11-188 

lacteal 2-151; 11-188 

lactic acid 12-41, 42, 111 

lactic acid fermentation 
2-103; 3-17 

lactone 12-111 

lactose 3-17, 11-188 

lagoon 11-189 È 

Lagrange, Joseph Louis 
13-121; 19-147 

lake 4-134, 137; 11-189; 
i4-136 


177 / LEAD 


lake basins i4-134, 135 

Lamarck, Jean Baptiste 
Pierre Antoine de Monet, 
Chevalier de 5-16; 19-148 

Lamb, Willis Eugene, Jr. 
19-149 

lambda phenomenon 15-86 

Lambert conformal 
projection 11-189 

lamellae 1-17 

lamellibranch 5-116 

laminar flow 14-122, 129; 
114-123, 124 

lampblack 11-189; 15-43 

lamprey 2-74 

Land, Edwin 16-67 

Landau, Lev Davidovich 
19-149 

land breeze 11-189 

landslide 14-117 

Landsteiner, Karl 19-150 

Langmuir, Irving 11-127; 19- 
150 

Langmuir's equation 11-128 

lanthanide series 10-135, 
143; 11-189 

lanthanum 10-135 

Laplace, Pierre Simon de 
8-116; 9-29; 19-157 

lapse rate 11-190 

large intestine 2-151; 11-190 

larva 11-190 

larynx 2-144, 145; 11-190 

laser 10-142; 11-190; 16-61; 
17-123, 137; 117-139 

Lassell, William 8-62, 65 

latent 11-190 

latent heat 11-191 

latent image 11-191 

lateral 11-191 

latex 11-191 

latitude 11-191 

lattice 11-124; 14-91 

Laue, Max Theodor Felix 
von 19-151 

lava 11-191; i4-78 

Laveran, Charles Louis 
Alphonse 19-152 

Lavoisier, Antoine Laurent 
7-110; 10-35, 50, 70; 11-36; 
15-73, 19-152 

Lavoisier's principle 11-23 

Lawrence, Ernest Orlando 
19-153 

lawrencium 10-150 

laws of science (see a/so 
specific names) 12-162 

laws of thermodynamics 
12-162 

leach 12-162 

lead 10-60, 153, 12-162; 
i10-62 

lead-accumulator battery 
11-75 


178 / LEAD 


lead-acid battery 11-75; 
111-77 

lead poisoning 10-63 

leaf 3-9; 12-162 

leaf dwellers 1-27 

Leakey, Louis S. B. 6-125 

Leakey, Mary 6-125 

least common denominator 
12-162 

least common multiple 12- 
163 

leavening 12-163 

Le Chatelier, Henry Louis 
11-34, 122; 15-79; 111-33 

Le Chatelier's principle 
12-163; i11-33 

Leclanché cell 10-129 

Leclerc, Georges Louis see 
Buffon 

Lederberg, Joshua 19-153 

Lee, Tsung-Dao 19-153 

Leeuwenhoek, Anton van 
19-154 

leeward 12-163 

leg 12-163 

leg bones 2-104, 107; i2-106 

leg muscles i2-99 

Leibniz, Baron Gottfried 
Wilhelm 13-120, 124, 126, 
155; 19-155 

Leloir, Luis Federico 19-156 

Lemke, Donald G. 17-6; 18-6 

lemming 2-64 

Lenard, Philipp Eduard 
Anton von 19-156 

lens 12-163; 76-33, 36; 


116-34, 35, 38, 39, 17-36, 40 


lenticel 12-164 
Lenz, Heinrich Friedrich 
Emil 15-96 
Lenz's law 12-164 
Leo (constellation) 9-132 
Leo Minor 9-129 
Leonardo see Da Vinci 
Leonid meteor showers 
9-151 
Lepidoptera 1-27 
leprosy 3-75 
lepton 14-28 
Lepus 9-123 
lesion 12-164 
lesion potential 2-127 
Lesseps, Ferdinand de 
19-156 
lethal gene 12-164 
Leucippus 14-31 
leucocyte 2-89; 12-164 
leucoplast 1-17; 12-164 
lever 12-165; 16-95; i1-146, 
147 
Leverrier, Urbain Jean 
Joseph 8-63; 19-157 
levers, human 1-145; 11-146, 
147 


levulose 12-165 

Leydig cells 2-143 

Li, Choh Hao 20-111 

lianas 1-30 

Libby, Willard Frank 19-158 

Libra (constellation) 9-137 

libration 12-165 

lichen 2-12, 73 

Lick Observatory 9-117 

Lieberkùhn's crypts 2-153 

Liebig, Baron Justus von 
19-159 

life 12-165 

life cycle 1-18; 12-165; i1-18, 
19; 3-134 

life, origin of 1-80 

lift 12-165 

ligament 12-166 

light 12-166; 16-7 to 66 

lightning 7-86; 12-166 

light radiation 16-56 

light-sensitive 12-166 

light sources 16-60; i16-62 

light-year 9-109; 12-166 

ligneous 12-166 

lignin 1-16; 12-166 

lignite 12-167 

lignolite 10-105 

Lilienthal, Otto 20-5 

limb 12-167 

limestone 12-167 

limit 12-167 

limnetic 12-167 

limnology 12-167 

limonite 10-15 

Lindbergh, Charles 
Augustus 20-6 

Linde, Carl von 14-68 

Linde machine 14-68 

linear 12-168 

linear equation 12-168 

linear programming 12-168 

line graph 12-168 

lines of force 12-168; 15-91, 
116; 16-151 

line squall 12-168 

linkage 3-113; 12-169; 
13-115 

Linnaean classification 5-16 

Linnaeus, Carl 5-16, 20-6 

Linz-Donawitz process 
18-96; 118-98 

lion 2-67 

lipase 2-149 

lipides 3-15, 92; 12-169 

Lipmann, Fritz Albert 20-7 

lipoid 12-169 

Lipowitz's metal 10-14 

Lippmann, Gabriel 20-7 

liquefaction 14-64 

liquid 12-169; 14-65, 173, 
131; 15-65; i14-114 

liquid air 12-169; 15-81 

liquid-drop model 14-13 

liquid helium 10-142; 15-83, 
84; i15-83, 85, 86 

liquid-liquid equilibria 
11-117 


liquid measure 12-169 

liquid nitrogen 10-70; 14-67 

liquid oxygen 12-169 

liquid-solid equilibria 
11-139 

liquid-vapor equilibria 
11-117 

Lissajous curves 16-139 

Lissajous, Jules Antoine 
16-139 

Lister, Joseph 12-132; 20-8 

listric wedge 4-100 

lithium 10-111 

lithopone 10-92 

lithosphere 4-28, 68; i4-28, 
31 

liver 2-153, 154; 12-171 

load 12-171 

loam 12-171 

Lobachevski, Nikolai 
Ivanovich 20-8 

lobe 12-171 

Lockyer, Sir Norman 8-110 

locomotion 2-69; 5-87 

locus 12-171 

locusts 2-64 

lode 12-171 

lodestone 12-171 

Loeb, Jacques 20-9 

loess 12-172 

Loewi, Otto 3-64; 20-9 

logarithm 12-172; 13-17; 
113-19 

logic 13-155; 113-157 

longitude 12-172 

loop of Henle 2-158; 3-48 

lopolith 4-61 

loran 12-172 

lorandite 10-130 

Lorentz, Hendrik Antoon 
10-11; 15-96; 20-9 

Lorentz force 15-96 

Lorenz, Konrad Zacharias 
20-10 

lottery 13-132, 135 

loudspeaker i18-77 

Lovell, Sir Alfred Charles 
Bernard 20-17 

low 12-172 

Lowell Observatory 8-67 

Lowell, Percival 20-17 

low-frequency 12-172 

lox 12-172 

LSD see lysergic acid 
diethylamide 

L-shell 12-173; 14-18, 22 

lubricants 14-122 

Lucanus cervus 1-28 

lumbar 12-173 

lumen 12-173 

Lumière, Louis Jean 20-12 

Lumiére, Auguste Marie 
Louis Nicolas 20-12 

luminescence 12-173; 16-63 

luminosity 1-86; 12-173 

luminosity formula i9-28 

lunar 12-174 

lunar calendar 8-17 


lunar day 12-174 

lunar eclipse 12-174; i1-96, 
97, 98 

lunar exploration 8-72, 78, 
84, 90, 94, 97, 101 

lunar photography 8-78; 
18-79-83, 89 

lune 12-174 

lung 2-90; 144; 3-60; 12-174 

lungfish 5-66 

Luria, Salvador Edward 
20-13 

Lussac see Gay-Lussac, 
Joseph Louis 

luster 12-174 

lutetium 10-135 

lux 12-175 

Lwoff, André 20-13 

lye 10-83; 12-175 

Lyell, Sir Charles 20-13 

lymph 12-175 

lymph node 12-175 

lymphocyte 2-89; 12-175 

lyncurium 10-133 

Lynen, Feodor 20-14 

Lynx (constellation) 9-125 

Lyot, Bernard 9-85 

Lyra (constellation) 9-144 

lyrebird 2-24 

Lysenko, Trofim Denisovich 
20-14 

lysergic acid diethylamide 
12-175 

lysosome 3-83 


M 


machine 16-95 

machine language 12-176 

Mach number 12-176 

Mackenzie, K.R. 10-119 

mackerel sky 12-176 

MacLeod, John James 
Rickard 20-14 

McCormick, Cyrus Hall 
20-14 

McMillan, Edwin Mattison 
20-15 

macroclimate 12-176 

macromolecule 12-57; 55, 
60; 12-176 

macronucleus 12-176 

macronutrients 3-88 

macrophages 2-89 

macroscopic 12-177 

macula 2-136 

Magellan, Ferdinand 6-141 

Magellanic Clouds 8-160; 
9-53; 12-177 

magic 6-134 

magic square 13-152 

magma 4-73; 12-177; i1-75 

magnesium 10-103, 144; 
12-177 

magnesium hydroxide 7-48 


magnet 12-177; 15-90 

magnetic core 12-177 

magnetic declination 12-177 

magnetic deviation 12-178 

magnetic field 2-65; 12-178; 
15-90, 93; 115-91, 92 

magnetic flux 12-178; 15-100 

magnetic induction 12-178 

magnetic phenomena 15-90, 
100; 115-91, 92 

magnetic poles 12-178 

magnetic storms 12-178 

magnetic tape 17-72 

magnetism 12-179; 15-90 

magnetite 10-15 

magnetization 15-108 

magneto 12-179 

magnetograph 8-132 

magnetohydrodynamics 
8-112, 129 

magnetron 12-179 

magnification 12-179 

magnitude 12-179 

main-sequence stars 12-179 

major arc 12-180 

Majorana, E. 15-144 

major axis 12-180 

malachite 10-44 

malaria organism 2-73, 75 

male 12-180 

malleable 12-180 

Malpighi, Marcello 20-15 

maltose 12-180 

mammal 2-21, 68; 3-14; 5-145; 
6-45, 53, 73, 80, 115; 
12-180; i6-53 

mammalian embryology 3-29 

mammary glands 1-63 

mammoth 6-119 

man 1-51; 6-123, 126 

mandible 1-71; 12-181 

manganese 10-127; i10-129 

mangrove 1-30; 2-36 

Mann see Gell-Mann 

Mannheim, Amédée 18-94 

Mannucci, Teobaldo see 
Manuzio 

manometer 12-181 

Mantell, Gideon 6-34 

mantissa 12-181 

mantle 12-181 

mantlerock 12-181 

Manutius, Aldus see 
Manuzio 

Manuzio, Aldo 20-16 

map-color problem 73-96 

mapping 12-182 

marble 7-50; 10-36; 12-182; 
i7-52, 53, 54 

Marconi, Guglielmo 20-17 

Marignac, J.C.G. de 10-115 

marine 12-182 

marine currents i7-108, 109 

Mariner spacecraft 8-36, 38 

marmot 1-25; 2-114 

marrow 12-182 

Mars (planet) 8-34, 37, 41; 
9-119; i8-38, 39 


marsh 12-182 

marsh gas 12-182 

marsupial 2-21, 22, 53; 6-48, 
58, 76; 12-182; i2-57; 6-77 

Martin, Archer John Porter 
20-18 

maser 12-183; 17-140; 
117-141, 143 

mass 3-25; 12-183; 16-110, 
113; 116-112 

mass action (law of) 11-32, 
120 

mass defect 12-183; 14-15, 
20 

mass-energy equation 
12-183 

mass number 12-183 

mass production 17-132 

mass ratio 12-183 

mass spectrograph 12-184; 
17-144; i17-145, 148 

mass unit 12-184 

mast cells 2-89 

mastoid 12-184 

maternal 12-184 

mathematical hope 13-132 

mathematician 12-184 

mathematics Vol. 13; 1-109; 
12-184 

Mathews, D. 4-52 

matrix 12-184 

matter Vol. 14; 1-106; 
12-185; i1-30; 4-7 

maturation 12-185 

Maury, Matthew Fontaine 
20-18 

maxilla 12-185 

maxillary bones 1-71 

maxilliped 12-185 

maxwell 12-185 

Maxwell, James Clerk 
10-11; 16-60; 20-18 

Maxwell-Lorentz theory 
10-11 

Mayer, Julius Robert 15-74 

Mayer, Maria Goeppert 20-19 

Mayo, Charles William 20-20 

Mayo, William James 20-19 

Mayo, William Worrall 20-19 

Mayo family 20-19 

mean 12-186 

meander 12-186; i4-132, 133 

mean free path 11-95 

mean solar time 12-186 

means 12-186 

measure 12-186 

measurement of electrical 
potential 15-123; i15-124, 
125 

measurement of surfaces 
13-56; i13-57, 58 

measurement of time 8-12, 
16; 9-87 

measurement of volume 
13-78 

measuring astronomical 
distances 9-105, 110; 
i9-108, 109, 111 


measuring electric current 
17-102 

mechanical engineering 
12-186 

mechanical property 14-110; 
114-110 

mechanical weathering 
12-186 

mechanics 12-187; 16-87 to 
146 

Mechnikov, Ilya Ilich 20-20 

Medawar, Peter Brian 20-20 

medial 12-187 

median 12-187 

Medicean bodies 8-50 

medicine 12-187 

medium 12-187 

medulla 1-56; 12-187 

medulla oblongata 12-188 

medullary ray 12-188 

medusa see jellyfish 

megacycle 12-188 

megaloblasts 1-9 

megascopic 12-188 

megaspore 12-188 

megaton 12-188 

meiosis 2-33; 3-106; 12-188; 
i3-108 

Meissner, W. 15-158 

Meissner effect 15-158 

Meitner, Lise 14-48; 20-21 

melanism 5-21 

melanocerite 10-134 

Melanocetus johnsoni 1-48 

Melloni, Macedonio 15-14 

melting point 12-189; 14-74; 
i14-75, 76 

member 12-189 

membrane 12-189 

membrane, nuclear i1-10 

memory systems 17-59, 60, 
61 

menachanite 10-113 

Mendel, Gregor Johann 
3-110; 20-27 

Mendeleeff, Dmitry 
Ivanovich 10-10, 73, 118, 
120, 143; 16-157; 20-22 

Mendeleev see Mendeleeff 

Mendeleev's law 12-189 

Mendel’s laws 3-110; 12-189 

meninges 1-56; 12-189 

meniscus 12-190; 16-39 

mensuration 12-190 

menthol 12-80 

mercaptans 10-52; 12-36 

Mercator map projection 
12-190 

mercurial barometer 12-190; 
14-68 

mercury (element) 10-95, 
459; 12-190 

Mercury (planet) 8-27; 9-119 

mercury cell (battery) 10-96; 
11-73 

mercury joint 12-10 

mercury poisoning 10-96, 
98 


179 / MICROANALYSIS 


meridian 12-190 

meridian circle 9-80, 88 

meristem 3-7; 12-191 

Merope (star) 16-20 

mesa 12-191 

mesa transistor 18-146 

mesencephalon 1-57; 12-191 

mesenchyme 2-90 

mesentery 12-191 

meshes 17-78 

mesoderm 12-191 

meson 13-162; 14-28, 51; 
16-155 

mesonephros 2-159 

mesophyll 3-9; 13-162 

mesophytes 13-162 

mesosaur 5-119; 6-12; i5-113 

mesosphere 7-111 

Mesozoic era 5-122, 127 

Messier, Charles 9-53, 56 

metabolism 13-162 

metacarpus 2-104 

metacenter 16-94 

metal 13-162 

metallic bond 13-162; 14-78 

metallurgy 13-163; 17-149 

metameres 1-67 

metamorphic rock 13-163 

metamorphism 13-163 

metamorphosis 13-163 

metanephros 2-159 

metaphase 3-103; 13-163 

metaplasm 13-163 

metathesis 13-163 

metazoan 13-164 

Metchnikoff, Elie see 
Mechnikov 

metencephalon 13-164 

meteor 8-144; 9-142, 151; 
13-164; 18-144 

meteorite 8-149; 13-164 

meteorologist 13-164 

meteorology 7-93, 98, 101, 
104, 110, 116, 120, 129, 
134; 13-164 

meteor showers 8-148, 9-142, 
151 

meter 13-164 

meter-kilogram-second 
system 13-165 

methane 12-27; 112-31 

methyl alcohol 12-78; 13-165 

methylidyne 1-79 

metric system 13-165 

metric ton 13-165 

MEV 13-165 

Meyerhof, Otto Fritz 20-22 

Meyer's apparatus i11-93 

mho 13-165 

mica 13-166; i7-23 

micelles 14-148 

Michelson, Albert Abraham 
20-23 

microanalysis 13-166 


180 / MICROBE 


microbe 13-166 

microbiology 13-166 

microclimate 13-166 

microcosm 13-166 

microfilm 13-166 

microfossils i5-129 

microlite 10-117 

micrometer 13-167 

micrometeorites 13-167 

micron 13-167 

micronutrient 3-89; 13-167 

microorganism 3-72; 13-167 

micropaleontology 5-9 

microphone i18-82 

microporosimeter 12-23 

microporosity 12-27 

micropyle 13-167 

microscope 3-147; 13-167; 
16-30; 17-154, 157; 18-7; 
i18-9 

microscopic 13-168 

microscopy 3-147; i11-100 

microspore 13-168 

microtome 13-168 

microvilli 2-81 

microwave 13-168; 15-8, 36; 
i15-37, 38 

midbrain 1-57; 13-168 

middle ear 13-168 

middle lamella 13-168 

midnight sun 13-169 

Mie, Gustav 16-17 

migration 2-62; 6-70; 13-169; 
i6-71 

Mikos (comet) i8-142 

mildew 13-169 

mile 13-169 

milk 3-14; 13-169 

milk of magnesia 10-105 

milk sugar 13-169 

Milky Way (Galaxy) 8-153, 
158; 9-45, 51, 62; 13-169; 
i9-48 

Miller indices 14-106 

millibar 13-170 

millicurie 13-170 

Millikan, Robert Andrews 
14-32; 15-40, 127, 148; 
20-23 

Millikan oil drop experiment 
13-170; 14-32; (14-33 

milliliter 13-170 

millimeter 13-170 

mimicry 13-170 

mine i18-10 to 14 

mineral 7-55, 58, 62, 67, 72; 
13-171; 18-10; i7-56, 57, 59, 
60, 61 

mineral collecting 7-58 

mineralogy 7-58, 62 

mineral deposits 7-72; i7-73 

mineral water 13-171 

mining 7-67, 72: 18-10; 
i18-11 to 14 


minor arc 13-171 

minor axis 13-171 

Minot, George Richards 
20-24 

minuend 13-171 

minute 13-171 

Miocene epoch 6-63, 66, 70; 
i6-63, 67 

Mira (star) 9-152 

mirage 13-171 

Mirror optics 16-40; i16-41, 
44 


miscible 13-171 

missile 13-172 

Mitchell, Maria 20-24 

mitochondria 3-81; 13-172 

mitochondrion i3-82 

mitosis 2-33; 3-102; 13-172 

mixed number 13-172 

mixture 11-7; 13-172 

Mizar (star) 9-131 

mks see meter-kilogram- 
second system 

mm. see millimeter 

Möbius, August Ferdinand 
13-62, 101 

Möbius strip 13-101 

mode 13-173 

model 13-173; 14-10, 13, 
156 

moderator 13-173 

modiolus 2-134 

modulation 13-173 

Mohorovicic discontinuity 
13-173 

Mohr, Karl F. 14-138 

Mohr-Westfall balance 
14-137, 138 

Mohs' scale 13-173 

Moissan, Ferdinand 
Frédéric Henri 10-47, 149; 
20-25 

mol see mole (weight) 

molality 11-120 

molar 2-112, 115; 13-174 

molarity 11-120 

molar volume 13-174 

mold 13-174 

mole (weight) 11-91; 13-174; 
14-59 


mole fraction 11-120 

molecular beam technique 
14-158 

molecular bond 14-78, 79 

molecular motion 11-95, 98; 
i11-96 

molecular rotation 11-108 

molecular structure 11-107 

molecular vibration 11-104 

molecular weight 11-87, 91, 
109; 13-174; 14-139; 
i11-110 

molecule 1-79, 130; 11-12, 
14, 91, 95, 98; 13-174; 
14-156, 157; it-132 

mollusk 5-116, 124; i5-124 

molybdates 10-102 

molybdenite 10-99 


molybdenum 70-99 
molting 2-85; 13-175 
moment 13-175 
moment of inertia 13-175; 
16,113; 116-114, 115 
momentum 13-175; 76-116 
monadnock 13-175 
monatomic 13-175 
monaural 13-176 
monazite 10-135, 136 
Monet see Lamarck 
Monge, Gaspard 13-94; 
20-25 
Monge projections i13-95 
monitor 13-176 
Moniz, Antonio Caetano de 
Abreu Freire Egas 20-25 
monkey, proboscis 2-68 
Monoceros (constellation) 
9-125 
Monoceros (nebula) i9-31 
monochromatic light 13-176; 
16-62 
monocoque 13-176 
monocot 3-10 
monocotyledon 13-176 
monocrystal 14-88, 101; 
114-101 
monocular vision 13-176 
Monod, Jacques 20-26 
monohybrid cross 13-177 
monomer 13-177 
monomial 13-177 
Monoplacophora 5-125 
monoplane 13-177 
monopropellant 13-177 
monosaccharide 12-124; 
13-177; (12-125, 127 
monotremes 2-53 
monsoon 13-177 
Montgolfier, Jacques- 
Etienne 20-26 
Montgolfier, Joseph-Michel 
20-26 
month 13-178 
moon 8-72, 78 to 101; 
13-178; i8-2, 79 to 83, 89, 
93, 98, 99, 103 
moraine 4-118; 13-178 
mordant 13-178 
Morgan, Thomas Hunt 20-27 
Morley, Edward Williams 
20-27 
morning star 13-178 
morphology 6-145; 13-179 
Morse, Samuel Finley 
Breese 18-114; 20-28 
Morse code 18-115 
Morton, William Thomas 
Green 20-29 
Mosander, Carl 10-135 
Moseley, Henry Gwyn- 
Jeffreys 20-30 
Méssbauer, Rudolf Ludwig 
20-30 
moth (life cycle) i3-134 
motion 16-99, 102, 106, 116, 
118 


motion of earth 8-27 

motor 13-179; 18-17, 20; 
i18-18 

motor area 13-179 

motor nerve 13-179 

mountain 7-7; i4-35; 7-8, 
107 

mountain fauna 2-12 

mountain flora 2-12; i2-13, 
14 

mountain masses 4-39; 
14-39 

mouth 2-148 

moving cluster 13-179 

M-shell 13-179; 14-18, 22 

mucopolysaccharides 2-88 

mucosa (of stomach) 2-82 

mucus 13-179 

mud cracks 13-180 

mudflow 13-180 

muffle (kiln) 12-9 

Muller, Herman Joseph 
20-30 

Muller, Johann 20-31 

Muller, Johannes Peter 
20-31 

Muller, Paul Hermann 20-37 

Mulliken, Robert Sanderson 
20-31 

multiple 13-180 

multiple alleles 13-180 

multiple gene inheritance 
3-122 

multiplicand 13-180 

multiplication 13-11, 13; 
13-180 

multiplicative identity 
13-181 

multiplicative inverse 
13-181 

multiplier 13-181 

multipropellant 13-181 

multistage rocket 13-181 

Murphy, William Parry 
20-32 

muscle (see also specific 
names) 7-64; 2-94; 
13-181; i2-95, 96, 
97, 99 

muscle tissue 2-100 

muscular system 2-94; 
13-181 

music 16-76; i16-76, 77, 78 

musical instruments 16-76 

mussel parasite 2-73 

mustard gas 12-145 

mutant 13-182 

mutation 3-120; 5-20; 
13-182 

muton 3-120 

mycelium 13-182 

mycology 13-182 

myelencephalon 13-182 

myelin 13-182 

myelinated fibers 2-127 

myofibrils 1-64; 2-100 

myopia 1-55; 13-182 

myosin 2-101, 102 


N 


nadir 9-81 

naiad 13-183 

nails 1-63 

Nansen, Fridtjof 6-144; 
20-32 

naphtha 13-183 

naphthalene 12-28, 75 
13-183 

Napier, John 13-17, 20-33 

narcotics 13-183 

nasal cavity 2-144; 13-183 

nascent 13-183 

native 13-184 

Natta, Giulio 12-35; 20-33 

natural frequency 13-184 

natural gas 13-184 

natural immunity 13-184 

natural science 13-184 

natural selection 13-184 

nautical mile 13-185 

nautiloid 5-708; i5-109 

nautilus shell i5-2 

Nautilus (submarine) 6-144 

navel 13-185 

navigation 13-185; 17-124; 
117-125 

navigational satellite 13-185 

Neanderthal man 13-185; 
i6-126 

Neanthropic man 6-130 

neap tide 13-186 

nearsighted see myopia 

nebula 1-86; 8-153; 9-7; 
115; 13-186; i4-8; 8-154, 
156; 9-8, 9, 11 

nebular hypothesis 1-74; 
13-186 

neck 13-186 

nectar 2-51; 13-186 

nectar dance 2-52 

needle 13-187 

Néel, Louis Eugène Félix 
20-33 

Negative 13-187 

Negative catalyst 13-187 

Negative charge 13-187 

Negative electricity 13-187 

Negative ion 13-187 

negative numbers 1-117 

negatron 13-188 

nekton 13-188 

neodymium 10-135 

Neolithic man 6-132; 13-188 

neon 10-147; 13-188 

Nephridium 13-188 

nephrons 2-156 

Neptune (planet) 8-63; 9-119 

neptunium 10-81, 150 

Nernst, Walther Hermann 
15-79, 80; 20-34 

Nernst formula 15-80 

nerve 13-189; (2-124 

nerve cells 13-189 


nerve center 13-189 

nerve fibers 13-189 

nerve impulse 2-125 

nerve tissue 2-121 

nerve tracts i2-120 

nervous system 1-56, 59; 
2-116; 3-62; 6-100; 13-189; 
i2-117; 6-101, 102 

Nessler’s reagent 10-98 

nests 1-42; 1-40, 43, 44 

nests, termite 2-42 

net venation 13-189 

networks 13-59; i13-60, 61 

Neumann, Franz Ernst 15-96, 
121 

Neumann, John von 20-34 

Neumann's problem 15-121 

neural 13-189 

neurohormones 3-133 

neurohumors 2-127; 3-133 

neurohypophysis 2-138 

neurology 13-190 

neuromuscular junction 3-62 

neuron 1-56; 2-116; 121, 125; 
13-190; (2-122 

neutral 13-190 

neutralization reaction 11-52; 
13-190 

neutrino 13-190; 16-125 

neutron 13-190; 14-34; 
114-35, 36 

neutron star 8-155; 9-29, 30 

névé 13-191 

Newcomb, Simon 20-34 

new moon 13-191 

Newton, Sir Isaac 8-118, 
134; 13-124; 14-14, 26; 
16-140, 144; 20-35 

Newton's laws 13-191; 14-10, 
25; 16-118, 140; 17:124 

Newton's metal 10-89 

Newton's rings 15-66 

NGC (New General 
Catalogue of Nebulae) 
9-56 

niacin 13-191 

Niagara Falls i4-125 

Nicholson, William 15-144 

nickel 10-20, 156; 13-191 

nickel-iron alkaline battery 
11-76, 79 

Nicolle, Charles Jules Henri 
20-37 

nicotine 12-70 

nicotinic acid 14-162 

nictitating membrane 14-162 

nightingale 1-45 

nimbostratus 14-162 

nimbus 14-162 

niobite 10-115 

niobium 10-26, 175 

Nirenberg, Marshall Warren 
20-37 

nitrate 14-162 

nitration 14-162 

nitric acid 10-71; 11-88; 
14-162 

nitrification 14-163 


nitrocellulose 12-91 

nitrogen 10-70, 154; 14-163 

nitrogen cycle 3-65; 10-72; 
14-163; 13-67 

nitrogen fixation 10-72; 
14-163 

nitrogen-fixing bacteria 
10-72, 102; 14-164 

nitrogenous 14-164 

nitroglycerin 10-72; 14-164 

nitrous acid 10-71 

nitrous oxide 10-71 

Nobel, Alfred Bernhard 
10-72; 12-91; 20-37 

Nobili, Leopoldo 15-14; 
17-102 

noble gases 10-141, 152, 
155; 14-164 

nocturnal 14-164 

nocturnal animals 2-10 

Noddack, W. 10-73 

node 14-164; 17-78 

nodule 14-165 

noise 16-70 

nonagon 14-165 

nonconductor 14-165 

nonconformity 14-165 

nondisjunction 14-165 

nonmetals 10-152; 14-165 

nonmyelinated fibers 2-127 

noradrenaline 2-139 

norm 14-166 

normal 14-166 

normal distribution 14-166 

normal fault 14-166 

normal salt 14-166 

normal solution 14-167 

Norrish, Ronald George 
Wreyforth 20-39 

North Atlantic Continent 
5-139 

Northern Hemisphere 14-167 

northern lights 14-167 

north magnetic pole 14-167 

North Pole 14-167 

Northrop, John Howard 
20-39 

north-seeking pole 14-167 

North Star 14-167 

nose 2-144 

nose cone 14-168 

nostrils 14-168 

notochord 14-168 

nova 9-30, 34; 14-168; i9-36 

Nova Herculis i9-36 

N-shell 14-18, 168 

nth 14-168 

N-type conductor 15-155 

nuclear chemistry 14-168 

nuclear energy 10-79; 14-169 

nuclear equation 14-169 

nuclear explosion 18-24 

nuclear fission 10-79; 14-169 

nuclear fuels 18-28 

nuclear fusion 14-169 

nuclear membrane 14-169 

nuclear photodisintegration 
15-34; 15-35 


181 / OCTOPUS 


nuclear physics 14-13; 
14-169 

nuclear reactions 1-90; 
16-155; 116-156 

nuclear reactor 10-14, 80; 
11-74; 14-8, 170; 78-32, 
38; 118-39, 40, 41 

nuclear rocket 14-170 

nuclear technology 18-35, 
38 

nucleic acid 3-84; 14-170 

nucleolus 1-9; 14-170; i1-10 

nucleon 14-14, 20, 51 

nucleonics 14-170 

nucleons 14-170 

nucleoplasm 14-171 

nucleus 14-171 

nucleus (of atom) 14-73, 19, 
37 

nucleus (cell) 7-9 

nuclide 14-171 

null set 14-171 

number 14-171 

number scale (line) 1-118; 
14-171 

numeral 14-172 

numeration systems 13-7 

numerator 14-172 

nummulite 6-58; i6-47 

nutation 8-32; 14-172 

nuthatch 1-43 

nutrient 14-172 

nymph 14-172 


O 


oak i6-98 

oasis 14-173 

Oberth, Hermann Julius 
20-39 

objective lens 14-173 

oblateness 14-173 

oblique angle 14-173 

observatory 14-173 

obtuse angle 14-173 

occluded front 14-174 

occultation 1-94; 14-174 

ocean 6-136, 145, 148, 150, 
153, 157; 14-174; i6-136 

oceanic trench 6-146 

oceanography 6-136, 148, 
150; 14-174 

Ochoa, Severo 20-40 

Ochsenfeld, R. 15-158 

octagon 14-174 

octahedron 14-174 

octane 14-174 

octane rating scale 14-175 

octant 14-175 

octave 14-175 

octopus 2-28 


182 / OCULAR 


ocular 14-175 

odd parity 14-175 

odontoblasts 2-115 

Oedemera nobilis 2-66 

oersted 14-176 

Oersted, Hans Christian 
15-90, 93; 17-102; 20-40 

offshore bar 14-176 

ohm 14-176; 15-137 

Ohm, G.S. 15-137 

ohmmeter 17-87 

Ohm's law 15-141; 17-78 

oil 14-176 

oil-drop experiment 14-32; 
114-33 

oil field 118-47 

Olbers, Heinrich 8-77 

olefin 12-47 

olfactory 14-176 

Oligocene epoch 6-38, 56, 
58, 60; i6-56, 59, 60, 61, 62 

olivine 10-76 

ommatidium 14-176 

omnivorous 14-177 

Onnes see 
Kamerlingh-Onnes 

Onsager, Lars 20-41 

ontogeny 14-177 

oogenesis 3-109; 14-177 

Opacity 16-22 

Opal 7-46; 10-75 

Opalescence 14-177 

Opaque 14-177 

open circuit 14-177 

operant 14-177 

operational definition 
14-178 

operculum 14-178 

ophiolite 4-61 

Ophiuchus (constellation) 
9-144 

ophthalmology 14-178 

opossum 2-23; i6-77 

Oppenheimer, J. Robert 16- 
145; 20-41 

opposition 8-62; 14-178 

optical antipodes 12-124 

optical defects 1-55 

optical density 16-22 

optical illusion 14-178; 16- 
43, 57; i16-44, 45, 59 

optical isomerism 12-40 

optical pyrometer 15-44 

optic nerve 2-123; 14-178 

optic papilla 1-54 

optics 14-179 

optometry 14-179 

oral 14-179 

oral cavity 2-148 

orbit 8-14; 14-179 

orbital electron 14-179 

orbital period 14-179 

orbiting observatory 8-70 

order 14-179 


ordered pair 14-180 

ordinal number 14-180 

ordinate 14-180 

Ordovician period 5-47, 55 

ore 14-180 

organ 14-180 

organelles 1-16; 3-81; 
14-180 

organic 14-181 

organic acid 12-144; 14-181 

organic chemistry 
12-27 to 156 

organic reactions 12-156 

organic sulfur compounds 
12-36 

organism 14-181 

organ of Corti 2-135 

organogermanium 
chemistry 10-122 

organometallic compounds 
12-32; i12-34 

origin 14-181 

oriole 1-43, 45 

Orion (constellation) 9-123 

Orion (great nebula) 8-154 

Orléans process 12-128 

Ornithischia 6-36 

ornithology 14-181 

orogenesis 4-100; 5-140; 
6-23; 16-129 

orogenic cycle i4-42 

orogeny 4-39, 121; 14-181; 
i4-39 

orographic cloud 7-119 

orpiment 10-85 

orthite 10-135 

orthocenter 14-182 

orthoclase 10-76, 110 

orthogenesis 14-182 

orthogonal 14-182 

ortite 10-136 

oscillate 14-182 

oscillation 16-99, 136; 
i16-99, 101, 137, 138, 139 

oscillating currents 17-14 

oscillator 14-182 

oscillograph 14-182 

Oscilloscope 14-182; 15-100 

O-shell 14-183 

Osler, Sir William 20-42 

osmiates 10-124 

osmium 10-108; 123, 157 

osmosis 14-141; 14-183 

osmotic pressure 14-140, 
141, 183 

ossify 14-183 

Osteichthyes (Pisces) 5-155 

osteoblasts 1-69 

osteology 14-184 

ostiole 14-184 

ostrich 1-41 

Ostwald, Friedrich Wilhelm 
20-42 

otoliths 2-136 

ounce 14-184 

outbreeding 3-24 

outcrop 14-184 

outlier 14-184 


output 14-184 

ovalbumin 3-127 

ovary 2-143; 14-184 

overburden 14-185 

overfold 4-94, 99; i4-100 

overtone 14-185 

oviparous 14-185 

ovule 14-185 

ovum 14-185 

Owen, Sir Richard 20-43 

ox, cortex of 2-116 

oxbow lake 14-185 

oxidation 11-36, 41; 14-185; 
13-139; 11-37 

oxidation-reduction 
indicators 11-64 

oxidation-reduction 
reactions 3-137; 11-40, 41, 
43; 14-186; i11-45 

oxide 7-45; 10-35; 14-186 

oxidizer 14-186 

oxidizing agent 11-43; 
14-186 

oxyacetylene 12-146; 14-186 

oxyacid 12-109 

oxygen 2-71; 4-29; 10-34; 
14-186 

oxygen absorption 5-64 

oxygen-carbon-dioxide 
cycle 10-35; 14-187 

oxyhemoglobin 14-187 

oxyhydrogen 14-187 

oxytocin 2-138 

ozokerite 14-187 

ozone 10-35; 14-187 

ozonosphere 14-187 


p 


Pacinotti, Antonio 20-43 

Pacioli, Luca 13-11 

pahoehoe 14-188 

pair production 15-33, 34 

Paleoanthropic man 6-130 

paleobiochemistry 5-84 

Paleocene epoch 6-38, 45, 
50, 53 

paleoecology 5-116 

paleomagnetism 4-51 

paleontology 14-188 

Paleozoic era 5-37, 113, 
119; i5-37 

palisade layer 14-188 

palladium 10-108, 157; 
i10-109 

palmate 14-188 

Palomar, Mount 9-76 

panchromatic 14-188 

pancreas 2-140, 151, 154; 
14-188; i2-142, 155 

Paneth’s experiment 11-24 

Pangaea 4-50 

panleucopenia 14-189 

Pantotheres 2-24 

Papilla 2-84 


Pappus 13-74; 20-44 

parabola 14-189 

Parabolic 14-189 

Paracelsus 20-44 

paraffin 12-148; i12-149 

paralimnic 14-189 

parallax 1-86; 9-103, 108, 
110; 14-189; i9-111 

Parallel 14-189 

Parallel circuit 17-76 

parallel force 16-90, 98 

parallelogram 14-190 

paramagnetic 14-190 

paramagnetism 15-100 

paramecium i1-13 

Parameter 14-190 

Parasite 14-190; 2-75 

parasitism 2-47, 66, 72 

parasympathetic 14-190 

parasympathetic nervous 
system 2-119 

parathyroid glands 2-140; 
14-190 

parenchyma 3-7, 8: 14-191 

Paricutin 4-77 

parking orbit 14-191 

parotid glands 2-153 

parrotfish 2-28 

parsec 9-109; 14-191 

Parsons, William, Earl of 
Rosse 9-56 

parthenogenesis 14-191 

Partial fractions 14-191 

partial miscibility 11-130 

Partial pressure 14-191 

Particle 14-28, 44, 53; 
15-162; 11-108 

Particle acceleration 18-35 

particle accelerator 15-162 

Pascal, Blaise 13-74, 17-58; 
20-45 

Pascal's law 13-88; 14-118; 
15-162 

Passeriformes 1-38 

Passive force 16-90, 93 

passive immunity 3-132; 
15-162 

Pasteur, Louis 12-111; 20-46 

pasteurization 15-162 

Pataki, Louis P., Jr. 9-6 

patella 2-104 

pathogenic organism 3-72; 
15-162 

pathology 15-162 

Pauli, Wolfgang Ernst 20-47 

Pauling, Linus Carl 20-48 

Pavlov, Ivan Petrovich 20-48 

peacock i1-39 

peacock feather 2-87 

pearl 15-163 

Peary, Robert Edwin 20-49 

peat 15-163 

pebble 15-163 

pectin 15-163 

pectoral girdle 2-104 

pedalfer 15-163 

Pediatrics 15-163 

pedicel 15-164 


pedigree 3-22, 122 Perrin, Jean Baptiste 20-49 i18-60, 65, 66, 67 183 / PLUVIAL 


pedocal 15-164 perruthenates 10-124 hotogra = ; 
peduncle 15-164 Perseid meteor shower 9-142 Š 18-58, len es Des 
Pegasus (constellation) 9-149 Perseus (constellation) 9-154 photography (in astronomy) 
pegmatite 15-164 perspective 13-92 -116 pitchblende 4-149; 10-79 
Peking man 15-164 perturbation 8-33; 15-170 photometer 16-22 118; 15-180 i j 
pelagic 15-164 Perutz, Max Ferdinand 20-50 photometry 15-174; 16-60 pith 15-180 
Peléan eruptions 4-77 petal 15-170 photomicrograph 15-174 Pitot, Henri 14-120 
pelecypod 5-116; i5-117, petalite 10-110 photon 14-28; 15-33, 147; Pitot tube 14-120; 15-180 

118 petiole 15-170 15-174 pituitary gland 2-737; 15-180 
Pelée, Mount 4-72, 82 petrifaction 15-170 photoperiodism 15-174 placenta 15-180 
Peligot, E.M. 10-79 Petrie, Sir William Matthew photophores 1-46, 49 placer deposit 15-181 
pelvis 15-1 65; i2-106 Flinders 20-50 photoreceptors 2-129, 133; place value 15-181 
Pelycosauria 6-18 petrified wood 15-170 i2-13 placoderm 5-153 
pendulum 1-129; 16-88, 99, petroleum 12-150; 15-170; photosensitive 15-175 plain 15-181 

100, 136; 116-89, 137, 138, 18-44, 48, 52 photosphere 8-106, 118; planaria 1-10 

139 petrology 15-171 15-175 Planck, Max Karl Ernst 
peneplain 15-165 pH 11-51, 53, 55 Photostomias guernei 1-46 Ludwig 9-24; 15-80, 146; 
penguin, Adélie 2-63 phacolith 4-61 photosynthesis 1-17, 80; 20-51 
penguin, king 1-41 phage 3-68 3-65; 10-103; 11-31; 12-127; Planck's law 15-80, 181 
penicillin 15-165 phagocyte 5-50; 15-171 15-175 plane 15-181 
peninsula 15-165 phagocytosis 2-89 phototransistor 15-175 plane geometry 15-181 
pentagon 15-165 phalanges 2-104 phototropism 15-175 plane mirror 15-181 
pentode 18-154 pharmacogenetics 3-139 phototube 15-175 planet (see also specific 
penumbra 15-165 pharmacology 15-171 phototypography 10-69 names) 1-73; 9-91, 118; 
pepsin 2-149 pharynx 2-144, 149; 15-171 PH scale 15-176 15-182; i1-73; 9-93, 120 
peptic 15-165 phase 15-171 phyllosilicates 7-22; i7-23 planetarium 2-64; 15-182 
peptide bond 3-97 phase diagrams 11-136, phylogeny 5-24; 15-176 planetary nebulas 9-7; i9-8, 
peptone 15-166 139, 142; 15-86 phylum 15-176 9, 11 
percent 15-166 phase equilibria 11-117, physical change 14-62; plankton 15-182 
percolate 15-166 129, 136, 139, 142 15-176 plant 15-182 
percolation bed 15-166 phase inversion 14-148 physical chemistry 15-176 plant fossils 5-73 
perennial 15-166 phase rule 11-130, 137,139 physical optics 16-24 plant kingdom 5-72 
pericardium 15-166 phenanthrene 12-77 physical property 15-176 plants (flora) see Arctic, 
pericarp 15-166 phenol 12-132; 15-172 physical theory 14-8 desert, mountain, etc. 
pericycle 15-167 phenolic resins 12-123 physicist 14-7; 15-177 plasma 15-182 
perigee 15-167 phenolphthalein 15-172 physics Vol. 14, 15, 16; plasma cells 2-89 
perihelion 8-30; 15-167 phenomenon 15-172 4-121; 15-177 plasma physics 15-183 
perilymph 2-134 phenotype 15-172 physiologist 15-177 plasmolysis 15-183 
perimeter 15-167 phillipsite 10-111 physiology (see also kidney, plastids 1-17; 15-183 
perineurium 2-123 pH indicator 11-48, 55 heart, respiration, nervous plateau 15-183 
period 15-167 Phipps, C.J. 6-146 system, etc.) 15-177 platelet 15-183 
periodicity of elements 10-4; phloem 3-8; 15-172 phytone 5-86 platform 4-53 

14-16 phlogiston theory 11-36 pi 15-177 platinum 10-7, 158, 11-21; 
periodic law 15-167 pH-meter 11-50, 55, 56; pia mater 1-56 15-184; i10-9 
periodic table 10-4, 143; i11-57, 58 Piazzi, Giuseppe 8-74; 20-50 Plato 13-83; 20-52 

15-168; 16-157; 110-4, 5 Phobos 8-43 Piccard, Auguste 15-40; 20- peras polyhedrons 13-81, 
periosteum 1-69 hosphate 7-32; 15-172 51 ‘ £ 
peripheral nervous system phosphine 10-23 picric acid 12-135 platypus, duckbill 2-23, 53; 

1-56; 15-168 phosphor 15-173 piezoelectric effect 15-177 i2-54 
perissodactyl 6-86; i6-87,88 phosphorescence 11-30; pigment 15-178 playa lake 15-184 f 
peristalsis 2-149; 15-168 15-173; 16-63; i16-64 pigmentation 1-62 Pleiades 8-157; 9-155; 19-64 
peritoneum 15-168 phosphoric acid 10-23 pile 15-178 Pleistocene epoch 6-103, 
permafrost 2-16; 15-168 phosphorus 10-22; 15-173 pillow lava 15-178 106, 112; i6-113 
permanent hardness 15-168 phot 15-173 pilot balloon 15-178 Sathana rae 184 
permanent magnet 15-105,  photocells 15-746 pinch effect 15-178 pleura A Hy he 

169 photochemical reactions pineal body 15-178 plexus 15- a 
permanganate 15-169 11-29 pinhole effect 15-179 o chee 6-95, 98; 
permeability 15-169 photochemistry 11-29; pito 16-95 itl 
Permian period 5-113, 119 15-173 pinna 2- - 
periti 15-169 photoconductivity 15-173 pinnate 15-179 RSA godan ca B4 
perovskite 10-114 photoelectric cell 15-174 pioneer biome 15-179 B m (et) 8-66; 9-1 He 
peroxide 15-169 photoelectric effect 14-27; Pisces (constellation) 9-150 oa nes j 
perpendicular 15-169 15-33, 146; 15-174; 115-146 pistil 15-179 PS 

i istillate flower 15-179 plutonic 15-184 

perpetual calendar 8-20 photoemitter 16-65 pi rane deposite 7377 
perpetual motion 15-74, 78; photographicproc e i BONN bites 

15-170 10-65, 5 i a A i È 
Perrier, C. 10-73 17-36, 41; 18-58, 61, 64; pitch (sound) 16-71 pluvial 15-185 


184 / PNEUMATICS 


pneumatics 15-185 
p-n junction 15-185 
poikilothermic 15-185 
poikilotherms 2-10, 53 
Poincaré, Henri 20-53 
Poinsot, L. 13-62 
point 15-185 
poise 14-125 
Poiseuille, Jean Louis Marie 
14-125 
polar air mass 15-185 
polar body 15-186 
polar circle 15-186 
polar compound 15-186 
polar coordinates 13-53; 
113-54, 55 
polar covalence 15-186 
polar front 15-186 
polarimeter 15-186 
polarity 15-187 
polarizability 15-152; 
115-153 
polarization of light 15-187; 
16-66; i16-67 
polar molecule 15-187 
polar projection 15-187 
pole 15-187 
pollen 2-51; 3-38; 6-121; 
11-98; 15-187; i6-122 
pollination 3-38; 15-188 
pollution 7-90 
Pollux (star) 9-125 
polonium 10-118, 125 
polyaddition 12-56 
polyatomic molecule 
11-101; 111-103 
polychromatic light 15-188 
polycondensation 12-56 
polyconic projection 15-188 
polycrystal 14-88 
polydactyly 3-123 
polyethylene 12-60, 146; 
15-188 
polygon 13-62; 15-188; 
113-62, 63, 64, 65 
polygraph 15-188 
polyhedron 13-81; 
15-189; 113-81, 82, 85 
polymer 12-51, 55, 60; 
15-189; 18-109 
polymer chains 12-62 
polymerization 12-51; 
15-189 
polymorphism 15-189 
polynomial 15-189 
polynuclear aromatic 
compounds 12-74 
polypeptide molecule 2-88; 
3-120 
polyploidy 2-32 
polyps 2-25 
polysaccharide 15-189 
polystyrene 12-56 
Pompeii 4-81 


Poncelet method i13-87 

pons 1-56 

Popov, Aleksander 
Stepanovich 20-53 

population 15-190 

porcelain 10-77 

pore 15-190 

porosimeter 12-21; (12-22 

Porosity 12-27; 15-190; i12- 
22 


porpoise 6-83 

Porter, George 20-53 

Portland cement 10-78, 105 

Portuguese man-of-war 
2-69 

Positive 15-190 

Positive charge 15-190 

positive ion 15-191 

positive numbers 1-117 

Positive pole 15-191 

Positron 14-54; 15-191 

posterior 15-191 

postulate 15-191 

potable water 15-191 

potassium 4-158; 10-110; 
i4-156 

potassium-argon method 
10-112 

potassium feldspar 10-77, 
110 


Potassium phosphate 10-23 
potential difference 
15-142; 16-162 
potential energy 1-28; 
16-162 
potentiometer 16-162 
pothole 16-162 
Powell, Cecil Frank 20-54 
power 16-127, 162 
Prairie 16-162 
Prandtl, Ludwig 20-54 
praseodymium 10-135 
Pratt, J.H. 4-37 
Precambrium era 1-82: 
5-26, 34; i5-27, 34, 35 
precession 9-104; 16-163 
precipitate 11-122, 158; 
16-163 
Precipitation 7-116; 11-121: 
16-163 
precipitation reaction 
indicators 11-65 
predator 16-163 
Pregl, Fritz 20-54 
prehistoric man 6-133 
premolar 2-112; 16-163 
Presbyopia 1-55 
Preservative 16-163 
pressurize 16-163 
prevailing winds 16-164 
Priestley, Joseph 10-35, 70: 
11-36; 20-54 
Primary cell 11-71 
Primary colors 16-164 
Primary root 16-164 
Primate 6-82; 16-164 
Prime factors 16-164 
Prime meridian 16-164 


prime mover 16-165 
prime number 13-50; 
16-165 
primitive art 6-124, 133 
primitive fish 5-152 
primitive man 6-127 
primordial 16-165 
principal root 16-165 
principle 16-165 
printed circuit 13-61 
prism 16-87; 16-165 
pristane i5-86 
Proavis i6-42 
probability 1-173; 13-131, 
134; 16-166 
proboscis 16-166 
procambium 3-8 
process 16-166 
product 11-22; 16-166 
profile 16-166 
profundal 16-166 
progesterone 2-143 
program 16-167 
projection 13-93; 16-167 


projective geometry 1-112; 


13-86; i13-87, 88 
Prokhorov, Aleksandr 
Mikhaylovich 20-55 
prolamin 3-129 
promethium 10-135 
prominences 8-110 
pronephros 2-159 
propagation 16-167 
propagation of heat 15-49 
propane 16-167 
propellant 18-21 
proper fraction 16-167 
proper motion 16-168 
prophase 3-103, 16-168; 
i3-105 
Propolis 2-50 
Proportion 16-168 
Prosencephalon 1-57 
protactinium 10-150 
protamine 3-129 
protective coloring 5-19; 
16-168 
protein synthesis 3-146; 
12-92 
prothorax 16-168 
protoarthropod 5-39 
protoderm 3-8 
proton 16-168 
protoplasm 1-13; 16-169 
protoplast 16-169 
Prototype 16-169; 17-8; 
117-13 
Protozoa 1-66 
protozoan 16-169 
Proximal 16-169 
Pseudopodium 16-169 
P-shell 16-169 
psittacosis 16-170 
Psychedelic 16-170 
Psychiatry 16-170 
Psychrometer 16-170 
Ptarmigan 2-19, 20 
Pterois russelli 2-71 


PTFE 
(polytetrafluoroethylene) 
18-109 

Ptolemaic system 8-28; 
9-13; 16-170 

Ptolemy 8-27; 14-13; 20-56 

ptyalin 2-153 

P-type conductor 15-155 

puberty 16-170 

pulley 16-95 

pulmonary alveoli i3-58 

pulmonary circulation 
16-171 

pulsars 8-155; 9-30, 114, 
16-145 

pulsating stars 16-171 

pulse 16-171 

pumice 14-143; 16-171 

pupa 16-172 

pupil 16-172 

Pupin, Michael Idvorsky 
20-56 

Puppis (constellation) 9-126 

Purcell, Edward Mills 20-57 

Purebred 16-172 

purple (color) 47 

putrefaction 16-172 

pycnometer 11-112; 114-136 

pyloric glands 2-153 

pylorus 16-172 

pyramid 16-172 

pyrargyrite 10-106 

pyrite 10-15, 132; 16-173; 
17-150 

pyrazole 12-72 

pyrenoid 16-173 

pyridine 12-73, 104 

pyrimidine 12-73 

pyrochlore 10-116 

pyrochroite 10-128 

pyroclastic materials 4-78 

pyrole 12-72 

pyrolusite 7-49; 10-127 

pyrolysis 16-173 

pyrometer 16-173 

pyromorphite 10-22 

pyrophoric fuel 16-173 

pyroxenes i7-22 

Pythagoras 16-76; 20-57 

Pythagorean theorem 1- 
111; 13-66; 16-173 

Pytheas 6-140: 20-58 


Q 


Q-shell 16-174 

quadrant 16-174 

quadrat 16-174 

quadrate 16-174 
quadratic equation 16-174 
quadratic formula 16-175 
quadrature 16-175 
quadrilateral 16-175 
quadruped 16-175 
qualitative 16-175 


qualitative chemical 
analysis 11-147, 152, 157; 


111-147, 148, 149, 151, 152, 


154 

quantitative 16-175 

quantum 16-176 

quantum mechanics 16-176 

quantum theory of radiation 
10-11; 11-29; 16-176 

quarantine 16-176 

quarks 14-51 

quarry 16-176 

quart 16-176 

quartation 10-56 

quarter 16-177 . 

quartz 7-45, 46; 10-75; 11-14; 
16-177; i7-57, 59, 60; 
10-55, 56 

quasar 9-29, 30, 39; 16-129, 
145, 177; i9-41, 44 

Quaternary fauna 6-114; 
i6-114 

Quaternary flora 6-120; 
i6-120 

Quaternary period 6-103, 
114, 120, 135 

queen 16-177 

quicklime 10-39 

quicksilver 10-95; 16-177 

quill 2-84 

quinary 16-177 

quinine 16-177 


R 


Rabi, Isidor Isaac 20-58 

racemic compounds 12-40 

races 2-32 

rachis 2-84 

radar 16-11, 19, 75, 178; 
18-68, 71; i18-69, 72 

radial symmetry 16-178 

radial velocity 9-54; 16-178 

radian 16-178 

radiant 8-147 

radiant energy 16-178 

radiation 14-44; 15-7, 39, 42, 
49, 67; 16-179 

radiation chemistry 16-179 

radiation fog 16-179 

radiation pressure 16-179 

radiation shields 14-45 

radical 1-79; 16-179 

radical sign 16-179 

radicand 16-180 

radicle 16-180 

radio 18-74, 78, 80; i18-74, 
81,84 

radioactive dating 4-156; 
i4-156, 158, 159 

radioactive decay 4-34; 
14-37, 40; 16-180; i4-156 

radioactive disintegration 
14-37, 59 


radioactive family 14-40; 
114-42 

radioactive isotope 16-180 

radioactive series 16-180 

radioactivity 4-148; 10-118; 
14-41; 16-180 

radio astronomy 8-124; 
9-39, 50; 16-181; i9-44 

radioautograph 16-181 

radio beam 16-181 

radiocarbon dating 16-181 

radio frequency 16-181 

radioisotope 16-181 

radiography 15-29; i15-30, 
31,32 

radiolaria 1-81, 130; 13-84 

radiolarian ooze 1-46; 5-130 

radiology 16-181 

radioluminescence 16-181 

radiometer 16-182 

radio relay i18-26 

radiosonde 16-182 

radio star 16-182 

radiotelephone 18-85, 88; 
i18-85, 89, 90 

radio telescope 8-123; 
16-182 

radio tracking 16-182 

radio wave 15-8, 36, 127; 
16-182; 17-15; 115-37, 38 

radish 2-32 

radium 10-178, 145; 14-38; 
16-183; 114-39 

radius (of circle) 16-183 

radius (of forearm) 2-104; 
16-183 

radome 16-183 

radon 10-141; 14-59 

rainbow 7-123; 15-7 

rainfall 7-104 

rain forest 1-29; 16-183 

rain shadow 16-183 

Raman, Sir Chandrasekhara 
Venkata 20-59 

Raman effect 11-103, 104 

ramjet 18-21 

ramjet engine 16-183 

Ramon y Cajal, Santiago 
20-59 

Ramsay, Sir William 10-142; 
20-60 

random sampling 16-184 

range finder 17-43 

Raoult, Francois Marie 
14-139 

rare-earth elements 10-135; 
16-184 

rarefaction 16-184 

rare gases 16-184 

ratio 16-184 

rational number 16-185 

rattlesnake 3-159 

ray 15-7; 16-12, 13, 25, 40; 
16-185; 116-12, 13 

Ray, John 20-60 

Rayleigh, Lord John William 
Strutt 10-142; 16-15, 19, 
32; 20-60 


Rayleigh scattering 15-35; 
16-15 

rayon 16-185 

reactance 16-185 

reactants 11-22; 16-185 

reaction 17-10; 16-186 

reaction principle 16-178 

reaction time 16-186 

reactivity 12-48 

reactor 16-186 

readout 16-186 

reagent 11-11, 22; 16-186 

realgar 10-85 

real image 16-187 

real number 16-187 

recapitulation theory 16-187 

receptor 2-129; 16-187 

recessive trait 3-23; 16-187 

reciprocal 16-187 

reciprocating engine 16-188 

recon 3-120 

recreational mathematics 
13-158 

rectangular coordinates 
16-188 

rectices 2-85 

rectification 16-188 

rectifier 10-125; 16-188 

rectilinear 16-188 

rectilinear motion 16-188 

rectum 2-151; 16-189 

recycling 16-189 

red (color) 16-47 

red corpuscle 16-189 

redox 11-41; 16-189 

red shift 1-87, 9-112, 
16-189 

reducing agent 17-43; 
16-189 

reduction 11-40, 41; 16-190 

reduction division 16-190 

Reed, Walter 20-61 

reef 2-25; 16-190 

reflecting telescope 9-70, 
117; 16-190; i9-71 

reflection 16-17, 190 

reflection (of 
electromagnetic waves) 
15-37 

reflex 16-191 

reflex angle 16-191 

reflex arc 2-128; 16-191 

reflex camera 16-191; 
i17-44 

reflux 16-191 

refracting telescope 17-162 

refraction 9-104, 16-17; 
17-162 

refraction (of microwaves) 
15-38 

refractory period 2-126 

refrigerator (liquid air) 
i15-81 

Regalecus glense 1-46 

regelation 17-162 

regeneration 17-162 

Regiomontanus see Muller, 
Johann 


185 / RESTITUTION 


region of differentiation 
2-34 

region of elongation 2-34 

regression 17-162 

regular polygon 17-162 

regular polyhedron 17-163 

regular prism 17-163 

regular pyramid 17-163 

Reich, F. 10-130 

Reichenbach, Georg von 
9-83 

Reichenstein, F. J. 10-126 

Reichstein, Tadeusz 20-67 

reindeer 2-64 

Reissner’s membrane 2-135 

rejuvenation 17-163 

relative humidity 7-98; 
17-163; i7-100 

relativistic mass 17-163 

relativity theory 1-95; 14-9, 
15, 26; 16-110; 17-163 

relay 17-164 

relief 17-164 

remiges 2-85 

remigration 2-62 

remora 2-74 

renal 17-164 

renal corpuscle 2-158 

renal filter 3-46 

rennin 17-164 

repeating decimal 17-164 

replacement 17-164 

replication 17-165 

repolarization 2-126 

reproduction 3-18; 5-65; 
17-165; i3-20, 21 

reptile 2-10; 24; 5-122, 146; 
6-7, 16, 33, 36; 17-165; 
i6-7, 9, 27, 28, 34 

repulsion 16-153, 17-165 

residual magnetism 17-165 

residual soil 17-165 

residue 17-166 

resilience 17-166 

resin 7-151; 17-166 

resistance 17-166 

resistance (to disease) 
3-130 

resistor 17-166 

resolution of a force 17-166 

resolving power 16-30; 
17-157, 166; 116-31, 32 

resonance 12-143, 76-99; 
17-167; 116-101 

resonance scattering 15-35 

resorcinol 12-135 

respiration 3-57, 65; 17-167 

respiratory system 2-144; 
i2-147 

respiratory tract 2-83 

response to stimuli 17-167 

resting membrane potential 
2-125 

restitution 17-167 


186 / REST MASS 


rest mass 17-167 

restraint (geometry) 16-84 

resultant 17-167 

resultant force 17-168 

resuscitation 17-168 

retarding lamina 16-67 

reticular energy 11-135 

reticular fibers 2-89 

retina 1-52; 2-132; 17-168 

retinal fatigue 17-168 

retrograde 17-168 

reverberation 17-168 

reverse fault 17-169 

reversible process 17-169 

reversible reaction 17-169 

reversion 17-169 

revolution 17-169 

Reynolds, Osborne 14-122: 
20-61 

rhenium 10-73 

rheobase 3-62 

rheology 17-169 

rheostat 17-170 

Rh factor 17-170 

Rhizobium 2-73 

rhizoid 17-170 

rhizome 3-19; 17-170 

rhodium 10-108, 157 

rhodochrosite 10-128 

rhodonite 10-128 

rhodopsin 1-53; 11-29; 
17-170 

rhombus 17-170 

riboflavin 17-170 

ribonucleic acid 17-171 

ribosome 17-171 

ribs 2-109 

Ricci, G. 13-52 

Richards, Dickinson 
Woodruff 20-67 

Richards, Theodore William 
20-62 

Richardson, Sir Owen 
Willans 20-62 

Richet, Charles Robert 
20-62 

Richter, H. 10-130 

Rickover, Hyman George 
20-62 

Riemann, Georg Friedrich 
13-121; 20-63 

Rigel (star) 9-123 

Righi, August 17-15 

right angle 17-171 

right-hand rule 15-97 

rigidity coefficient 17-171 

rigor mortis 17-172 

rime 17-172 

ring 17-172 

ting compound 17-172 

“ring of fire” 4-85 

rip current 17-172 

ripple marks 17-173 

Ritchey, G. W. 9-117 


river 4-128, 137 

riverbed 4-123, 125; i4-123, 
124, 127, 130 

Rivularia i1-83 

RNA (ribonucleic acid) 1-9; 
3-84; 17-173 

roasting process 17-152, 173 

Robbins, Frederick 
Chapman 20-63 

Robinson, Sir Robert 20-63 

Rochelle salt 17-173 

roches moutonnées 17-173 

rock 4-87, 99, 107; 5-28, 82, 
128; 17-173; i5-82, 83; 
7-20, 21 

rock collecting 7-18 

rock deformation 4-87 

rocket engine 16-119; 
17-93, 173; i8-21 

rocketry 17-174 

rockoon 17-174 

rock salt 7-42; 10-82; i7-66 

rockslide 17-174 

rock strata 4-147; i4-91 

rods 1-53; 17-174 

Roebling, John Augustus 
20-63 


Roebling, Washington 
Augustus 20-63 

Roemer, Olaus 16-10 

roentgen 17-174 

Roentgen, William Conrad 
10-118; 15-20; 20-64 

Roentgen ray 15-20; 17-174 

rolling mill (18-2 

Roman numerals 17-174 

Romanoff, N. 13-52 

Romer, Alfred Sherwood 
20-65 

Ròntgen see Roentgen 

root 2-34; 3-10; 17-175 

root cap 2-34; 17-175 

root pressure 17-175 

roots, aerial 1-31, 

Roscoe, Henry E. 10-28 

Rose, Heinrich 10-115 

Rose metal 10-89 

Ross, Frank 9-46 

Ross, Sir James Clark 
6-143, 146; 20-65 

Ross, Sir Ronald 20-65 

rotation 17-175 

rotor 17-176 

roulette 13-134 

Rous, Francis Peyton 20-66 

Rowland, H. A. 15-100 

Rowland's ring 15-100 

royal jelly 2-48 

rubber 17-176 

Ruben-Mallory cell 11-73 

rubidium 4-158 

rubies 10-30, 66 

ruby glass 14-142 

Rudman, Albert J. 4-6; 5-6 

Ruhmkorff induction coil 
15-149; 18-61 

Rumford, Count see 
Thompson, Benjamin 


Rumford vacuum 
thermometer 10-96 

ruminant 17-176 

Runcorn, S. K. 4-51 

runner 17-176 

rupture 17-176 

Rush, Benjamin 20-66 

Russell, Bertrand Arthur 
William 13-155; 20-67 

Russell, Henry Norris 20-67 

rust 11-36; 17-176 

ruthenates 10-123 

ruthenium 10-123, 157 

Rutherford, Daniel 10-70 

Rutherford, Sir Ernest 
10-10, 118; 14-15, 34: 
18-35; 20-68 

rutile 10-113 

Ruzicka, Leopold 12-67; 
20-68 


S 


Sabatier, Paul 20-68 

Sabin, Albert Bruce 20-69 

saccharin 17-177 

Saccopharynx ampullaceus 
1-48 

saccule 2-136 

sacrum 2-104, 111 

Sagitta (constellation) 9-144 

sakuraŭüte 10-130 

salicylic acid 12-110, 112, 
17-177 

Salientia 5-158 

saline 17-177 

salinity 6-153; 17-177 

saliva 2-153; 17-177 

salivary glands 2-152; 
17-177 

Salk, Jonas Edward 20-69 

salmon 2-70 

salmon, migration of 2-63 

salt 4-17; 6-153; 10-82; 
11-59; 17-178 

salt dome 17-178; 18-46; 
i7-66 

salt formation 11-59; i11-60, 
61 

salt pans 4-18; 10-82 

saltpeter 17-178 

samarium 10-135 

sand 17-178 

sand fly 3-158 

sandstone 17-178 

San Francisco earthquake 
4-44 

Sanger, Frederick 20-69 

sap 17-178 

saponification 17-179 

sapphires 10-30 

saprophyte 17-179 

sapwood 17-179 

sarcolemma 2-100 


sarcomere 2-101 

sarcoplasm 2-100 

sardines 2-63 

sartorite 10-132 

satellite 17-179 

saturated 17-179 

saturated hydrocarbon 
17- 179 

saturated solution 11-120; 
134; 17-180 

saturation (color) 16-49 

saturation point 17-180 

saturation pressure 17-180 

Saturn (planet) 8-54, 57; 
9-119 


saturnism 10-63 

Saturn's rings 8-57 

Saturn's satellites 8-59 

Saurischia 6-33 

Sauropod 6-34; i6-33 

scalar quantity 17-180 

scale 17-180 

scaling 17-181 

scalp 1-63 

scandium 10-135 

scaphopod 5-126 

scapula 2-104 

scarab 3-158 

scattering 17-181 

scavenger 17-181 

Schawlow, A. L. 17-137 

Scheele, Carl Wilhelm 
10-24, 35, 47, 70, 92, 99; 
11-36; 20-70 

scheelite 10-99, 101 

Schiaparelli, Giovanni 
Virginio 8-37, 42; 20-70 

schist 17-181 

Schliemann, Heinrich 20-71 

Schlippe's salt 10-107 

Schmidt, Bernhard 9-75, 
116 

Schmidt telescope 8-68, 
116; 9-75 

Schnirelmann, L. 13-52 

Schrédinger, Erwin 14-53; 
20-71 

Schumann's region 15-17 

Schwann's cells 2-123 

Schwinger, Julian Seymour 
20-72 

science 17-181 

scientific method 17-181 

scientific notation 17-182 

scintillation 17-182 

scintillation counter 17-182 

scion 17-182 

sclera 1-52 

scleroproteins 3-129 

sclerotic coat 17-182 

scorpion fish 2-29 

scorpions 2-11 

Scorpius (constellation) 
9-141 

SCUBA diving 1-104; 6-148 

sea (see also ocean) 4-15, 
139, 153; 7-11; 17-182; 
14-15 


sea anemone 2-72; i3-90 

Seaborg, Glenn Theodore 
20-72 

sea breeze 17-182 

sea floor spreading 4-50 

sea level 17-183 

seals, migration of 2-63 

seam 4-63 

seamount 17-183 

sea urchin 1-82; 2-23; 26; 
5-63 

seaweed 10-138 

sebacious glands 1-63; 
17-183 

secant 17-183 

Secchi, Pietro Angelo 8-62 
9-13; 20-72 

second 17-183 

secular parallax 9-111 

sediment 17-184 


sedimentary rock 4-87; 7-82; 


17-184; i4-88, 7-84, 85 

sedimentation 4-144; 14-144, 
145, 155 

Seebeck, T. 15-14 

seed 5-133; 17-184 

seed plants 17-184 

Sefstròm, Nils Gabriel 10-27 

segmentation 17-184 

Segré, Emilio Gino 10-73, 
119; 20-73 

segregation 17-184 

Séguin, Mare 15-74 

seismic waves 4-19 

seismograph 4-48; 17-185 

seismology 17-185 

selection 5-19 

selective membrane 17-185 

selenic acid 10-126 

selenide 10-125 

selenium 10-125, 154 

self-induction 15-104; 
17-185 

self-oxidation 11-43 

self-pollination 3-40; 17-185 

Semenov, Nikolai 
Nikolaevich 20-73 

semicircular canal 2-136; 
17-185 

semiconductor 15-131, 155; 
17-186; (15-157 

semilunar valves 17-186 

semimetals 10-152 

semipermeable membrane 
17-186 

semiplumes 2-84 

senarmontite 10-107 

sensory nerves 17-186; 
i6-101 

sepal 17-186 

sere 17-186 

series 17-76, 187 

Serpens (constellation) 
9-138 

serum 17-187 

servomechanism 17-187 

Sesotho diamond 10-149 

set 17-187 


Sévres blue 10-20 

sex-influenced character 
3-122; 17-187 

sex-limited character 3-122: 
17-187 

sex-linked character 3-24, 
121; 17-187 

sex reproduction 17-188 

Sextans (constellation) 9-129 

sextant 9-100 

sexual dimorphism 2-66 

Seymouriamorphs 6-8; i6-7 

shale 17-188 - 

Shapley, Harlow 20-73 

shear 17-188 . 

sheep 2-9, 114 

shell 17-187 

Sherrington, Sir Charles 
Scott 20-74 

Shibasabur6 see Kitasato 

shield 4-53 

shield volcano 17-188 

Shin’ichero see Tomonaga 

Shively, Ralph L. 13-6 

shock 17-188 

Shockley, William Bradford 
18-144; 20-74 

shoreline 4-142; i4-140, 141 

short circuit 17-189 

short wave 17-189 

shoulder blade 2-104 

shoulder bones 2-105 

shunt 17-189 

sial zone 17-189 

sibling 17-189 

side chain 17-189 

side reaction 17-189 

sidereal day 17-190 

sidereal time 17-190 

sidereal year 8-16; 17-190 

siderite 10-15 

siderite (meteorite) 10-20 

Siegbahn, Karl Manne 
Georg 20-75 

sieve tube 17-90 

significant digits 17-190 

significant figure 17-191 

Sikorsky, Igor Ivan 20-75 

silica 10-75; 17-191; i7-46 

silicate 7-22, 27; 10-76; 
17-191 

silicic acids 10-76 

silicon 10-75, 153; 14-19, 20; 
15-155; 17-191 

silicones 10-75; 17-191 

sill 4-59; 17-191 

silt 18-162 

Silurian period 5-47, 55 

silver 10-64; 18-162 

silver plating 10-65 

sima zone 18-162 

simple harmonic motion 
18-162 

simple interest 13-137 

simple leaf 18-162 

simple sugar 18-162 

Simpson, George Gaylord 
20-75 


simulation 18-163 

sine 18-163 

sine wave 18-163 

single replacement 18-163 

sinkhole 7-138; 18-163 

sinus 2-144; 18-163 

sinusoidal functions 13-129 

siphon 18-164 

Sirius (star) 9-126 

Sievoloboff's micromethod 
14-73 

skeletal muscle 1-66; 18-164 

skeleton 1-68; 2-108; 
18-164; i2-109 

skin 1-60 

skull 1-69; 6-130; 18-164 

sky (color) 11-94; 16-14, 52; 
116-15, 16, 17 

sky (January) 9-121; 
(February) 9-124; (March) 
9-127; (April) 9-130; (May) 
9-133; (June) 9-136 (July) 
9-139; (August) 9-142; 
(September) 9-145; 
(October) 9-148; 
(November) 9-151; 
(December) 9-154 

slaked lime 10-39 

slant height 18-164 

slate 18-164 

sleet 18-164 

slide rule 13-11; 78-92 

Slipher, Vesto Melvin 8-62; 
20-76 

small intestine 2-149, 150; 
18-165 

smaltite 10-20 

smelting 18-165 

smithsonite 10-40 

smog 18-165 

smoke 18-165 

smooth muscle 2-100; 
18-165 

snow line 4-112 

snowshoe rabbit 2-20 

soap 14-147 

social animal 18-165 

social insects 1-28 

socket 18-166 

soda 18-166 

soda alum 14-89 

Soddy, Frederick 20-76 

sodium 10-82 

sodium carbonate 10-82, 84; 
11-156 

sodium chloride 4-17; 10-49, 
82; 11-15; 14-93 

sodium ions 2-125, 128 

sodium sulfate 11-122 

soft water 18-166 

soil 7-142; 18-166 

sol 18-166 

solar battery 15-156; 18-166 

solar cell 18-167 

solar constant 1-89 

solar day 18-167 

solar eclipse 1-94; 8-114; 
9-84; 18-167; i1-98; 8-117 


187 / SPACE 
EXPLORATION 


solar energy 1-89; 8-121; 
18-167 

solar flare 8-113 

solar heat 4-32 

solar matter 1-78 

solar plexus 18-167 

solar probe 8-71 

solar radiation 1-92; 7-104; 
8-113, 123, 139, 141; 
18-167; i7-105; 8-127 

solar research 8-106, 110, 
114, 118, 123, 128 

solar spectrum 8-118; 9-99; 
i8-119 

solar system 1-74; 18-168 

solar time 18-168 

solar tower 9-67; i9-69 

solder 18-168 

solenoid 15-117; 115-95, 
118, 119 

solid 11-84, 124; 14-64, 112; 
18-168; 111-85 

solid geometry 13-78; 
18-168 

solidification 10-64 

solid propellant 17-93; 
18-168 

solid solution 18-169 

solid state physics 8-169 

solstice 18-169 

solubility 11-47, 120; 18-169 

solute 11-120, 133; 18-169 

solution 11-132, 157; 14-139; 
18-169 

solvation 18-170 

Solvay process 10-84 

solvent 11-120, 132; 18-170 

somatic 18-170 

somatic nervous system 
2-116 

somatoplasm 18-170 

somites 18-170 

sonar 16-69, 75; 18-170 

sonic barrier 18-171 

sonic boom 18-171 

sorosilicate 7-31 

sorter 18-171 

sound 16-68 to 80; 18-171; 
116-70, 71, 72, 74, 75, 76, 
77, 78 

sound barrier 18-171 

sounding rocket 7-110; 
18-171 

sound waves 16-69, 70 

Southern Hemisphere 
18-172 

southern lights 18-172 

south magnetic pole 18-172 

south-seeking pole 18-172 

space charge 18-172 

space communications 
9-157 

space exploration 8-69; 
i8-70, 71, 72 


188 / SPACE PROBE 


space probe 18-173 

space shuttle 8-69 

space station 8-69; 18-173 

space-time continuum 
18-173 

Spallanzani, Lazzaro 20-76 

spark 15-149, 150 

spawn 18-173 

specialization 4-37; 5-49; 
18-173 

speciation 2-30; 18-173 

species 2-30; 5-22; 18-174 

specific gravity 74-134; 
18-174; i11-113 

specific heat 18-174 

specific impulse 18-174 

spectra, solar 1-78; i1-77 

spectral classes of stars 
9-12; 18-174; i9-15 

spectral colors 16-52, 55 

spectrograph 9-67; 18-174 

spectrometer 11-155; 
18-175 

spectrophotometer 16-23 

spectroscope 8-110, 122 

spectroscopic parallax 
9-111 

Spectroscopy 8-120; 9-13; 
14-36; 18-175; i14-36 

spectrum 8-118; 18-175; 
i8-119 

spectrum-luminosity 
diagram 18-175 

speed 18-175 

speed of light 16-7, 73; 
18-175; i16-8, 9, 10 

speed of sound 16-69, 73; 
18-176 

Spemann, Hans 20-77 

sperm 3-38; 18-176 

spermatogenesis 18-176; 
i3-108 

spermatophytes 18-176 

sphalerite 10-132; 14-92 

sphene 10-113 

sphere 13-117 

spherical aberration 18-176 

spherical trigonometry 
13-117; 113-118, 119 

sphincter muscle 2-151; 
18-176 

Sphinx 4-111 

sphygmomanometer 18-176 

spider 1-27; 2-76 

spider silk 2-78 

spiderwebs 2-76; i2-80; 
13-54 

spiegeleisen 10-127 

spinal column 18-177 

spinal cord 1-56; 2-119: 
5-79; 18-177 

spindle 18-177 

spine 18-177 

spinel 15-111 


spinneret 18-177 

spiny anteaters 2-53, 56 

spiracle 18-177 

spiral galaxy 18-178 

spiral nebula 1-86 

spleen 18-178 

sponge 2-27; 5-49, 52; i5-52 

spontaneous combustion 
18-178 

spontaneous magnetization 
115-106 

sporangium 18-178 

spore 18-178 

sporophyte 18-179 

sport 18-179 

spring tide 18-179 

squall line 18-179 

squamous epithelium 2-81, 
82, 

square 18-179 

square number 18-179 

square root 18-180 

squares, magic 13-152 

square wave 18-180 

squaring the circle 13-74 

squib 18-180 

squid 2-70 

stabilizer 18-180 

stable equilibrium 18-180 

stable substance 18-180 

Stainless steel 10-21 

stalactite 7-84, 139; 10-38; 
18-180 

stalagmite 7-84, 139; 18-181 

stamen 18-181 

staminate 18-181 

standard deviation 18-181 

standard solution 18-181 

standard temperature and 
Pressure 18-182 

Stanley, Wendell Meredith 
20-77 

stannic compounds 10-91 

stannous compounds 10-91 

Star (see also binary, 
variable, etc.) 9-12, 17, 27, 
25, 29, 34, 39, 94, 102: 
18-182 

starch 3-66; 18-182 

star chart 9-96, 121, 124, 
127, 130, 133, 136, 139, 
142, 145, 148, 151, 154 

starfish i5-58 

Stark, Johannes 20-78 

star stone 18-182 

Star trail 18-183 

states of matter 18-183 

static 18-183 “= 

Static electricity 15-126; 

8-183 


Statics 16-90, 93, 96; 116-94, 
97, 98 

stationary front 18-183 

stationary orbit 18-183 

stator 18-184 

Staudinger, Hermann 20-78 

steady state universe 
18-184 


stearic acid 18-184 

steel 15-64; 18-95, 100, 184; 
118-97, 98, 99, 102, 103, 
104, 105 

steel production 78-100; 
i18-102, 103, 104, 105 

Stefan, Josef 15-45 

Stefan-Baltzmann law 15-45 

Stegosaurus 6-37 

stele 18-184 

stellar clusters 8-153; 9-18; 
115 

stellar evolution 9-16, 29; 
18-185; 19-31, 32, 33 

stellar gas 9-25 

stellar populations 9-16 

stellar spectra 9-14, 16 

stellite 10-20 

stems 3-10 

stephanite 10-107 

Stephenson, George 20-78 

Stephenson, Robert 20-78 

stereoisomers 12-44; 
18-185 

stereophonic 18-185 

stereoscopic 18-185 

steric effect 11-13 

sterile 18-185 

Stern, Otto 20-79 

sternum 2-104, 108 

steroids 12-136 

sterol 12-136, 18-186 

Stevin, Simon 14-114 

Stevin's principle 14-114 

stibium 10-106 

stibnite 10-106 

stigma 18-186 

stilbene 10-107 

stimulus 18-186 

stingray egg 2-29 

stipule 18-186 

Stirrer (laboratory 
equipment) 12-10 

Stirrup 2-134, 136 

stock 18-186 

stoichiometry 11-87; 18-186 

Stokes’ law 14-129 

stolon 2-36; 3-19; 18-187 

stolzite 10-101 

stomach 2-149; 18-187 

stomach mucosa 2-82 

stones 1-12 

stomata 3-9 

stomates 18-187 

storage battery 11-75; 
18-187 

stork, white 2-63 

STP see standard 
temperature and pressure 

Stradonitz see Kekulé von 
Stradonitz 

straight angle 18-187 

straight-chain compounds 
18-188 

strain 18-188 

strait 18-188 

strangeness 14-51 

Strassman, F. 14-48 


stratification i7-10 

stratified 18-188 

stratigraphic well 18-48: 
118-49 

stratigraphy 18-188 

stratocumulus 18-188 

stratopause 18-189 

stratosphere 7-111, 18-189 

stratum 18-189 

stratus 18-189 

streak 18-189 

streamline flow 14-129 

stress 16-134; 18-189; 
116-135 

striated muscles 2-100, 101; 
18-189 

stroboscope 18-61, 106 

stroboscopic effect 18-190 

Strohmeyer, Friedrich 10-13 

Stromboli 4-53 

Strombolian eruptions 4-75 

strontianite 10-94 

strontium 4-158; 10-92, 145 

strontium-90 10-94 

structural formula 18-190 

style 18-190 

subatomic particles 14-28; 
18-190; 14-29 

subcartilaginous 18-190 

subcutaneous 18-190 

subindex 18-191 

sublimates i11-148 

sublimation 14-64, 65, 71; 
18-191 

subliminal stimuli 3-62 

submersed lands 4-56 

subnesosilicates 7-29 

subnuclear particles 14-28, 
51 

subnucleonic entity 14-51 

subpolar law 18-191 

subscript 18-191 

subset 18-191 

subsoil 7-142; 18-191 

subsonic 18-191 

substance 19-162 

substituent 19-162 

substitution 19-162 

substitution reaction 12-152 

substrate 19-162 

substratum 19-162 

subtend 19-162 

subterranean 19-162 

subterranean water 7-138, 
142 

subtraction 13-13; 17-64; 
19-162 

subtrahend 19-163 

succession 19-163 

sucker 19-163 

sucrose 19-163 

sugar glider 2-23 

sugars 3-92; 19-163 

sulfa drugs 19-163 

sulfate 7-32; 19-164 

sulfides 7-40; 12-36; i7-42, 
43, 44 

sulfonic acids 12-37 


sulfur 70-50, 154; 14-153; 
16-36; 19-164 

sulfur compounds 10-51 

sulfer (phase diagram) 
11-137 

sulfuric acid 10-51; 19-164 

summation 2-127 

Sumner, James Batcheller 
20-80 

sun 1-89; 8-106, 110, 114, 
118, 123, 128; 9-84, 97; 
19-164; 11-77, 93, 9-98 

sundial 8-12 

sunspots 8-106, 128; 19-164; 
i8-108 

superconductivity 15-84, 87, 
158; 19-165; 115-158, 159, 
160 

supercooled 19-165 

supercooling 14-76 

superfluidity (helium) 15-85 

superior 19-165 

supernova 8-154; 9-30, 34; 
19-165; (9-38 

superposition 19-165 

supersaturated solution 
19-166 

superscript 19-166 

supersonic speed 14-130; 
19-166 

surface barrier 15-112, 146 

surfaces with handles 
13-103 

surface tension 14-133; 
19-166 

surface waves 4-20 

survey 7-14; 19-166 

survival of the fittest 19-166 

suspension 11-120; 19-167 

suture 19-167 

Svedberg, Theodor 20-80 

swallow 1-45 

swamp i5-159 

sweat glands 1-63; 19-167 

swimming 5-87; i5-88 

swine 6-92 

swing wing 19-167 

sylvite 10-48, 110 

symbionts 19-167 

symbiosis 2-12, 40, 47, 72; 
19-167 

symbiotic relationship 2-12, 
40 

symbols (mathematical) 
13-20 

sympathetic nervous system 
2-119; 19-168 

sympathin 2-127 

synapse 2-124, 126; 19-168 

synarthrosis 1-68 

synchronous 19-168 

synchrotron 19-168 

syncline 19-168 

syndrome 19-168 

Synge, Richard Laurence 
Millington 20-80 

synodic period 19-168 

synthesis 19-169 


synthetic 19-169 

synthetic fibers ji12-147 

system 15-70: 19-169 

systemic 19-169 

systole 3-49; 19-169 

systolic blood pressure 
19-169 

Szent-Györgyi, Albert 20-80 

Szilard's theory 3-130 


T 


tachometer 19-170 

Tacke, I. 10-73 

taconite 19-170 

tactile 19-170 

Taeniodontia 6-79 

tagged atoms 19-170 

talc 10-105; 19-170 

talus 19-171 

tamarisk 2-8 

Tamm, Igor Evgenyevich 
20-81 

tangent 19-171 

tannin 19-171 

tantalates 10-117 

tantalum 10-26, 115 

tapir 6-86 

taproot 2-35, 36; 19-171 

tar 19-171 

tarn 19-171 

tarnish 19-172 

tarsus 19-172 

Tartaglia, Niccolo 20-81 

tartar 19-172 

tartar emetic 10-107 

tartaric acid 12-42, 111 

taste buds 19-172 

Tatum, Edward Lawrie 
3-138; 20-82 

Taurus (constellation) 9-155 

Taylor, F.B. 4-50 

tear gland 19-172 

technetium 10-73 

technology 19-172 

tectonic 19-173 

tectonic earthquakes 4-45 

tectonic trough 4-54, 84 

tectorial membrane 2-135 

tectosilicates 7-22 

tectrices 2-85 

Teflon 10-49; 18-109 

tektites 8-150 

telegraphy 18-114 

telemetering system 19-173 

telemetry 18-128 

telencephalon 1-57; 19-173 

telephone 18-178; i18-118, 
120 

telephony 18-121, 123; 
i18-124 

telescope 9-70, 75, 80, 91, 
97; 16-32: 19-173; i9-70, 
78, 82 


telesignaling 18-128; i18-129, 


130, 131 


teletypewriter 18-115, 116 

television 1-148; 15-24; 
16-65; 11-149, 150, 151, 152 

television frequencies 
19-173 

Teller, Edward 20-82 

tellurides 10-126 

tellurium 10-125, 155 

telophase 3-104; 19-173 

temperate forests i1-21, 22 

Temperate Zone 19-174 

temperature 19-174 

temperature diagram 14-75 

temperature-humidity index 
19-174 

temperature inversion 19-174 

tempering 19-174 

temporary hardness 19-175 

tenacity 19-175 

tendon 2-88; 19-175 

tendril 19-175 

Tennant, Smithson 10-108, 
123 

tensile strength 19-175 

terbium 10-135 

term 19-175 

terminal moraine 19-175 

terminal velocity 19-176 

terminator 8-92, 97, 19-176 

termites 2-37, 73; i2-41 

tern 2-65 

ternary compound 19-176 

terpene 19-176 

terrain, types of 7-143, 144; 
i7-143 

terrestrial heat 4-32 

terrestrial magnetism 19-176 

terrestrial plants 5-75 

Tertiary period 6-38, 44, 45, 
50, 58, 60, 68; i6-51, 60, 61, 
62 

Tesla, Nikola 20-82 

testes 2-143 

testosterone 2-143 

test tube making 12-16 

Tethys Sea 5-139 

tetraethy! lead 19-176 

tetrahedrite 10-107 

tetrahedron 19-176 

thalamus 19-177 

Thales 1-110; 15-90, 144; 
20-82 

Thales theorem 13-67 

thallium 10-130 

thecodonts 6-17 

Theiler, Max 20-83 

Thenard's blue 10-20 

theodolite 19-177 

Theophrastus 10-133 

Theorell, Axel Hugo Teodor 
20-83 

theorem 19-177 

theoretical science 19-177 

theory (see also relativity, 
atomic, corpuscular, etc.) 
19-177 

theory of relativity (see also 
relativity) 19-177 


189 / THRUST FAULT 


therapeutics 19-178 

Therapsida 6-19 

thermal 19-178 

thermal barrier 19-178 

thermal conduction 15-49, 
55; i15-56, 57 

thermal conductivity 15-84; 
19-178 

thermal connection 15-49; 
19-178 

thermal equilibrium 1-91; 
15-68 

thermal erosion 4-107 

thermal expansion 15-67, 
64; i15-62, 63, 65, 66 

thermal radiation 15-49, 67; 
18-27; 19-178 

thermal reaction 11-29 

thermionic effect 15-146; 
17-74; 19-178 

thermistor 15-156; 19-179 

thermochemistry 19-179 

thermocline 19-179 

thermocouple 19-179 

thermodynamic cycle 15-82; 
17-107 

thermodynamics 15-70, 73, 
76, 79; 19-179; i15-71 

thermometer 1-119 

thermonuclear reaction 
19-179 

thermopile 19-180 

thermoplastic 19-180 

thermosetting 19-180 

Theropoda 6-35 

thiamine 19-180 

thiazole 12-71 

thigmotropism 19-180 

thioalcohols 12-36 

thiogermate 10-120 

thiophene 12-73 

thio salts 10-107 

thiosulfate test 11-155 

Thomas, Sidney G. 18-96 

Thompson, Sir Benjamin 
15-73; 20-83 

Thomson, Sir George Paget 
20-84 

Thomson, Sir Joseph John 
14-15; 17-146; 20-84 

Thomson, Sir William 15-77; 
17-102; 20-85 

Thomson scattering 15-35 

thorax 2-108; 19-180; 
i2-96; 3-56 

thorium 10-150 

Thorndike, Edward Lee 
20-86 

thortveitite 10-135 

threshold 19-180 

thrombin 19-181 

thrombocyte 19-181 

thrombosis 19-181 

thrust fault 19-181 


190 / THULIUM 


thulium 10-135 

thunder 19-181 

Thuret, Gustave Adolphe 
20-86 

thymus gland 19-181 

thyroid gland 2-140; 10-140; 
19-181 

thyroxine 19-182 

tibia 2-104, 107 

tidal bore 19-182 

tidal theory 1-74; 19-182 

tidal wave 19-182 

tide 6-157; 19-182 

till 19-183 

Tillodontia 6-79 

timberline 2-12; 19-183 

timbre 16-71, 79 

time, measurement of 8-12, 
16; 9-87; 17-51, 55 

time signal 17-56 

time zones, 8-13; 19-183 

tin 10-90, 153; 19-183 

tincture 19-183 

Tiselius, Arne W.K, 20-86 

Tisserand, François Félix 
20-87 

tissue (see a/so adipose, 
connective, epithelial, 
etc.) 1-12; 19-183; i2-91 

tissue culture 19-184 

titanates 10-114 

titanite 10-114 

titanium 10-113 

titanium dioxide 7-48 

titanocene 12-32 

Titchener, Edward Bradford 
20-87 

titer 19-184 

titmouse 1-43, 45 

titration 11-63, 88; 19-184 

Todd, Sir Alexander 
Robertus 20-87 

Todd, David 8-66 

tolerance 19-184 

Tolman, Edward Chace 
20-87 

toluene 12-64; 19-184 

toluidine 12-102 

Tombaugh, Clyde 8-67 

Tomes's fibers 2-115 

Tomonaga, Shin'icherò 
20-87 

ton 19-184 

tongue 2-149 

tonsils 19-185 

tonus 19-185 

tooth 2-112; 19-185; i2-114 

topography 19-185 

topology 1-110, 112; 13-59, 
96, 98, 100, 103; 19-185; 
i13-98 

topsoil 19-185 

tornado 7-122; 19-185 

toroid 115-95 


torque 16-98; 18-148; 19-186 

torr 19-186 

Torrey, John 20-88 

Torricelli, Evangelista 7-110; 
14-127; 20-88 

Torricelli's theorem 14-127 

Torrid Zone 19-186 

torsion 19-186 

torsion balance 19-186 

torus 13-97 

totality 19-186 

tourmaline 7-30 

Townes, Charles Hard 
17-137, 140; 20-88 

Townshend, Charles 20-89 

toxic 19-187 

toxicology 19-187 

toxin 3-73; 19-187 

toxoid 19-187 

trace 19-187 

trace elements 19-187 

tracer 19-187 

trachea 2-144, 146; 19-188 

tracheids 3-8 

trade winds 19-188 

trajectory 16-106; 19-188; 
113-2; 16-107, 109 

transceiver 19-188 

transcendental functions 
13-115 

transcendental number 
13-16; 19-188 

transducer 19-188 

transfer reaction 3-137 

transfinite numbers 13-48 

transformation of matter 
1-106 

transformations 
(topological) 13-98; 113-98 

transformer 1-141; 18-132; 
i18-133; 19-189; 11-143 

transfusion 19-189 

transistion elements 10-156; 
19-189 

transistor 10-122; 15-156; 
17-69; 18-78, 136, 141, 144; 
19-189; 118-139, 140, 142, 
143 

transit 1-94; 9-105; 19-189 

transit instrument 9-79, 88; 
i9-82, 89 

translocation 2-33 

translucent 19-190 

transmission (engine) 18-148 

transmutation 19-190 

transparent 19-190 

transpiration 19-190 

transponder 19-190 

transpose 19-191 

transuranium elements 
10-79; 16-157; 19-191 

Transvaal 10-55 

transversal 19-191 

transverse 19-191 

transverse wave 3-19; 4-19; 
15-11; 19-191 

trapezoid 19-191 

traprock 19-191 


Traube, Isidor 20-89 

tree 6-68 

tree creeper 1-44 

tremor 20-114 

Trevithick, Richard 20-89 

triangle 13-63, 113, 117; 
20-114 

triangulation 1-86; 9-109; 
20-114 

Triangulum (constellation) 
9-153 

Triassic period 5-127, 131, 
133; i5-132 

triboluminesce 20-114 

Trichinella spiralis 2-74 

Trichonympha 2-73 

trifocal 20-114 

trigonometry 9-105; 13-110, 
113, 117; 20-114; 113-112 

trilobite 5-55; i5-43, 45, 89 

trinitrotoluene (TNT) 12-154 

trinomial 20-115 

triode 17-15, 74; 18-75, 152; 
20-115; 115-123; 16-154; 
18-153 

tripack 18-64; i18-66 

triple point 20-115 

trisect 20-115 

tristimulus values 16-50, 54 

tritium 10-12; 20-115 

triton i3-105 

trophallaxis 2-47 

tropical air mass 20-115 

tropical forest i1-29 

tropical year 8-16; 20-115 

Tropic of Cancer 20-116 

Tropic of Capricorn 20-116 

tropics 20-116 

tropism 20-116 

tropocollagen molecules 2-89 

tropopause 20-116 

troposphere 7-111, 124; 
20-117 

trough 20-117 

Trouton, Frederick T. 11-145 

troy weight 20-117 

Trumpington, Baron see 
Todd, Sir Alexander 

Trumpler, Robert Julius 20-89 

trunk, skeleton of i2-109 

tryphilite 10-127 

trypsin 20-117 

Tsiolkovsky, Konstantin 
Eduardovitch 20-89 

tsunami 20-117 

tuatara 2-21 

tuber 20-117 

tubercle 3-74; 20-118 

tuberculosis 3-74 

tuff 4-79 

tularemia 20-118 

Tull, Jethro 20-90 

tumor 20-118 

tundra 2-12, 16; 20-118 

tungstates 10-99, 102 

tungsten 10-99; 15-113; 
20-118; i10-101 

tungsten crystal 15-111 


turbidity current 20-118 

turbine 17-106; 20-118 

turboelectric generator 
20-119 

turbojet 18-22 

turbojet engine 20-119 

turboprop 18-22 

turbopropeller engine 20-119 

turbosupercharger 20-119 

turbulence 14-122; 20-119 

turgor 20-120 

Turner, Herbert Hall 20-90 

turquoise 10-45 

turtle 2-64, 70, 71 

twenty-twenty vision 20-120 

twins 20-120 

tympanic membrane 2-134; 
12-135 

tympanum 20-120 

Tyndall, John 16-18; 20-90 

Tyndall effect 14-144; 16-18; 
20-120 

typhoon 20-120 


U 


Ulloa, Antonio de 10-7 

ulna 2-104 

ultracentrifuge 20-121 

ultrafilter 12-24 

ultrahigh frequency 20-121 

ultramicroscope 20-121 

ultrasonic 20-121 

ultrathin sectioning 3-151 

ultraviolet rays 18-155 

Ultraviolet radiation 8-120, 
15-10, 17; 20-121; 115-18 

umbilical cord 20-122 

umbilicus 20-122 

umbra 20-122 

uncertainty principle 20-122 

uncomformity 20-122 

underground water 7-138 

undertow 20-122 

ungulate 6-81, 89; 20-123 

unicellular 4-49; 6-100; 
20-123; i1-13 

unidirectional 20-123 

uniformitarianism 20-123 

uniform motion 20-123 

unilateral 20-123 

un-ionized 20-124 

uniparous 20-124 

unit cell 20-124 

United States Naval 
Observatory 17-57 

unity 20-124 

univalent 20-124 

univalve 20-124 

universal gravitation 4-25; 
16-140, 143, 146; 20-124; 
116-143, 148, 149 

universal joint 12-125 

universal time 20-125 

universe 1-87; 20-125 


unsaturated 11-134; 20-125 

unsaturated compounds 
12-47 

unsoluble 20-125 

unstable 20-125 

unstratified 20-126 

unstriated muscles 20-126 

uphill orbit 20-126 

upslope fog 20-126 

upwarp 20-126 

uranium 1-101; 7-14;10-79, 
118; 20-126 

uranium prospecting i7-15 

uranocircite 10-93 

Uranus (planet) 8-60; 9-119; 
i8-61 

Urbain, Georges 10-135 

urea 2-156; 3-138; 20-126 

ureter 20-126 

urethra 2-158; 20-127 

Urey, Harold Clayton 20-90 

urinary bladder 2-83, 158; 
20-127 

urine 2-158; 3-48; 20-127 

urochordates 5-150 

Ursa Major (constellation) 
9-66, 96, 131 

Urea Minor (constellation) 
9-134 

U-shaped valley 20-127 

USP 20-129 

uterus 20-129 

utricle 2-136 

uvula 20-127 


V 


vaccination 20-128 

vacuole 1-17; 20-128 

vacuum bottle 15-43 

vacuum tube 20-128 

vagus nerve 20-128 

valence 10-6; 11-14; 
20-128 

valence electron 20-129 

valence number 20-129 

valence shell 20-129 

valley 20-129 

valve 20-129 

vanadates 10-27 

vanadium 10-26 

vanadium salts 10-28 

Van Allen, James Alfred 
20-90 

Van Allen belt 20-129 

van Arkel, A. E. 10-133 

van Arkel-deBoer process 
10-113 

Van de Graaff generator 
15-128; 20-130 

Van der Waals, Johannes 
Diderik 8-46; 11-127; 15-72; 
20-95 

Van der Waals’ forces 8-46; 
10-146; 11-127; 14-79; 149; 
20-130 


Van Leeuwenhoek see 
Leeuwenhoek 

Van't Hoff, Jacobus 
Henricus 12-44, 14-141; 
20-91 

Van't Hoff's law 14-141 

vapor 20-130 

vapor density 20-130 

vapor pressure 11-144; 
14-68, 139; 17-79; 20-130 

vapors (in chemical analysis) 
11-150 

vapor tension 14-67, 68, 133 

variable 20-131 

variable star 1-86; 9-112; 
20-131 

variable wing 20-131 

variance 11-131 

variation 20-131 

variety 20-131 

varve 20-131 

vascular system 20-132 

vasomoter reflexes 20-132 

vasopressin 2-138 

vasopressor 20-132 

Vauban, Sébastien le Prestre 
de 20-91 

Vauquelin, Nicolas Louis 
10-66; 20-92 

vector 20-132 

vegetable 20-132 

vegetation, high altitude 
2-12 

vein 20-132; i3-53, 56 

vein (geological) 7-62; i7-63 

velocity 16-102; 20-133 

vena cava 20-133 

venation 20-133 

venom, fish 2-28 

ventifact 20-133 

ventral 20-133 

ventricle 3-50; 20-133 

Venturi tube 14-119, 127; 
20-133 

venule 3-52; 20-134 

Venus (planet) 4-12; 8-24; 
9-119; 16-123 

verifier 20-134 

vermiform appendix 20-134 

vernal equinox 20-134 

vernier scale 20-134 

vertebra 2-108, 110; 20-135; 
i2-111 

vertebral column i2-109 

vertebrate 5-77, 152; 20-135 

vertex 20-135 

vertical angles 20-135 

vertical circle 20-135 

vertical fault 20-135 

Vesalius, Andreas 20-92 

vesicle 20-135 

vessel elements 3-8 

vestigial structure 20-136 

Vesuvius i4-11, 78 

veterinary medicine 20-136 

viable 20-136 

vibration 16-76, 99; i16-99, 
101 


video frequency 20-136 

Vieta, François 20-93 

view camera i17-42 

Vigneaud, Vincent du 20-93 

Vigreux column 17-80 

villi 2-151; 20-136 

Vinci see Da Vinci 

vinegar 12-118 

Vinogradow, I. M. 13-52 

vinyl plastic 20-136 

viosterol 20-137 

viral infection 3-68 

Virchow, Rudolf Ludwig Carl 
20-93 

Virgo (constellation) 9-135 

Virtanen, Artturi Ilmari 20-93 

virtual image 20-137 

virulent 20-137 

virus 1-13; 3-68; 20-137; 
i3-70, 71 

viscera 20-137 

viscometer 14-125 

viscose 20-137 

viscosity 14-122; 20-137; 
114-122, 125 

visible spectrum 15-7,9; 
20-138 

visual angle 20-137 

visual binary 20-137 

visual purple 20-138 

vitamin 20-138 

vitamin D group 12-138 

vitreous 20-139 

vitreous humor 1-54; 20-139 

vivarium 20-139 

viviparous 20-139 

vivisection 20-139 

vocal cords 2-144; 20-139 

Vogt, Johan Herman Lie 
20-94 

Voit, Carl von 20-94 

volatile 20-139 

volcanic cone 4-71; 20-140 

volcanic eruptions 4-68, 77, 
73, 75, 78, 

volcanic neck 20-140 

volcanic zones 4-84 

volcano 4-68, 71, 73, 75, 78, 
81, 84; 7-7, 20-40; 
map 4-84 

volt 20-140 

Volta, Alessandro 15-144; 
20-94 

voltage 15-142; 20-140 

voltage regulator 20-140 

voltaic cell 20-140 

voltaic effect 15-144 

voltaic series 15-145 

volt-ampere 20-141 

Volta's experiment 15-144 

Volta’s pile 11-73; 15-145 

Volterra, Vito 20-95 

voltmeter 20-141 

volume 20-141 

voluntary muscle 2-100; 
20-141 

V-shaped valley 20-141 

Vulcanian eruptions 4-76 


191 / WATT 


Vulpecula (constellation) 
9-144 


W 


wadi 4-127 

Wagner von Jauregg, Julius 
20-95 

Waksman, Selman 
Abraham 20-96 

Wald, George 20-96 

Walden, Paul 20-96 

walking stick 1-26 

wallabies 2-56 

Wallace, Alfred Russel 
20-96 

Wallach, Otto 20-97 

Wallis, John 20-97 

walls 15-55 

Walton, Ernest Thomas 
Sinton 20-97 

waning moon 20-142 

warbler, great reed 1-43 

Warburg, Otto Heinrich 
20-98 

warm air mass 20-142 

warm-blooded 20-142 

warm front 20-142 

warping 20-142 

Wassermann, August von 
20-98 

watch 17-56 

water 3-91; 7-138, 142, 146, 
149, 156; 20-142 

water (phase diagram) 
11-136 

water clock 20-143 

water cycle 20-143 

water erosion 4-121 

waterfalls 4-125; i4-125 

water gap 20-143 

water gas 20-143 

water glass 20-143 

water injection 20-143 

water of crystallization 
20-144 

water of hydration 20-144 

water pressure 20-144 

water purification 7-149; 
i7-153, 154 

water reactor i18-30 

watershed 20-144 

water softening 20-144 

waterspout 20-144 

water table 7-145; 20-145 

water vapor 20-145 

Watson, James Dewey 
20-98 

watt 16-128; 20-145 

Watt, James 16-128; 20-98 


192 / WATT HOUR 


watt-hour 20-145 

wave 15-7; 20-145; i7-12: 
15-11, 12, 13 

wave crest 20-146 

waveform 20-146 

wave frequency 20-146 

wave front 15-11, 12, 13; 
20-146 

wavelength 15-7; 17-17; 
20-146 

wave mechanics 20-146 

wave period 20-146 

wave theory of light 15-11; 
16-24, 27; 20-147; 
116-25; 26 

wave train 20-147 

wave trough 20-147 

wax 20-147 

waxing moon 20-147 

weather balloon 20-147; 
7-102 

weather forecasting see 
meteorology 

weathering 20-148 

weather map 20-148; i7-131 

weather satellite 7-110; 
20-148 

Weber, Joseph 16-147 

Wegener, Alfred 4-50 

Weierstrauss, Karl 13-121 

weight 16-150; 20-148 

weightlessness 20-148 

Weinberg, Eugene D. 2-6; 
3-6 


Weismann, August 20-99 

Weiss field 15-105, 106 

weld 20-148 

Weller, Thomas Huckle 
20-99 

Wells, Horace 20-99 

Welsbach net 15-15 

Werner, Abraham Gottlob 
20-99 

Werner, Alfred 20-100 

Wertheimer, Max 20-700 

Westinghouse, George 
20-100 

Weston cell 10-13; 20-148 

Westphal, Wilhelm H. 
14-138 

wet-bulb temperature 
20-149 

wet cell 20-149 

wet chemical analysis 
11-157 

wetting agent 20-149 


whales 2-63; 6-83 

Wharton's jelly i2-90 

Wheatstone, Charles 17-84, 
88 

Wheeler, J. A. 14-48 

Whipple, George Hoyt 
20-100 

white 20-149 

white corpuscle 20-149 

Whitehead, Alfred North 
13-155; 20-107 

white light 16-46 

white matter 20-150 

white noise 16-72; 20-150 

Whitney, Eli 20-107 

whole number 20-150 

widia 10-20 

Widmer column 17-79 

Wieland, Heinrich Otto 
20-101 

Wien, Wilhelm 20-102 

Wien's laws 20-150 

Wiener, Norbert 20-102 

Wigner, Eugene Paul 
20-102 

Wildt, R. 8-62 

Wilkins, Maurice Hugh 
Frederick 20-103 

willemite 7-29 

Williamson process 12-87 

Willis, Thomas 20-103 

Willstater, Richard 20-103 

Wilson, Charles Thomson 
Rees 20-103 

Wilson cloud chamber 
20-150 

Wimshurst machine 20-150 

winch 16-95 

wind, 7-107, 129; 20-150 

Windaus, Adolf 20-104 

wind erosion 20-151 

wind gap 20-151 

winding 20-151 

wind measurement 7-101; 
i7-103 

windpipe see trachea 

winds aloft map 20-151 

wind tunnel 14-12; 17-21; 
18-158; 20-151; i18-160 

Winkler, C. 10-120 

wisdom teeth 2-115 

withdrawal symptoms 

152 


witherite 10-92 

Wohler, Friedrich 10-28, 
113; 12-27; 20-104 

wolf 1-25; 2-23 

wolfram 20-152 

wolframite 10-99, 102 

Wollaston, William 10-108 

wood i3-13 


wood alcohol 20-152 

woodpecker, spotted 1-43 

Wood's metal 10-14, 89 

woods, small creatures of 
1-26 

Woodward, Robert Burns 
20-105 

work 1-122; 16-127; 20-152; 
i1-123 

worker 20-152 

world calendar 20-152 

world map (1500) 6-138 

worms, segmented 1-67 

Wray see Ray 

wren 1-45 

Wright, Sewall 20-105 

Wright, Orville 20-105 
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